Liro Forestry Solutions
Private Bag 3020
Rotorua

New Zealand

Forest Roading Manual

Excavator Pruductinn_

aooT "y 1 - ! T
'  Mypical cenge [er vanogus wark conditons;

ﬁﬁﬁ*_i_' lEM::-IL:nI. AVERIEL u!r Sevene] /{ul'é
sof — S
o 0] A r"f‘ﬁ
= =
- | L)
£ 30 L]
b 2501 St
5 it o
G 200
a
S im0
[
1007 R
L4 L | ] ——
50| | 1
\ - =
& 15 25 45 55 5
Excavator Weight Class [tonnas)
Sponsors: Prepared By:

SMITH & DAVIES LTD

CARTAGE CIVIL ARD LOGGING CONTAACTORS
E&T, 1527

-« Hivway
. AStahilizers:

Greig Larcombe
Liro Forestry Solutions
January 1999



et



CONTENTS

11T SCOPE OF WIANUAL . et s s nsme e ae e e nnnnens 15
1.2 ACKNOWLEDGEMENTS. ..o iirn e eeeresee e e st meeeceessenine 1D
CHAPTER 2 - AIM and OBIECTIVE . e se e en 17
CEIAF‘TER 3- USE DF THE ‘VIA‘\IUAL ersmanenn et ae e e | B
IQINTRODIUICTION . 18
CHAFTER 4 - RDADSTANDARDE O PPPOPRUSRTRPPR I
4.0 I\ITRODUCTI{}NSE
4. 1.1 Arterial RO, oo imnrmr i rsmesrrr im0 S5
4.1.2 Secondary Roads ... 30
4.1.3 Spur Rouds... OO ST P T EUEUUURUNSURISRRRRRR
414 Estabhshmﬁm Roads TP P PP PP PPPPRURUPUR: |
4.1.5 Skidder tracks . 36

4.2 ECONOMIC !I-.NALYSIS YR ¥ )
4.2.1 Net Present Waorth oleanspartaEmn Custs e 39
4.2.1.1 Wethod 1. 39
4.2.1.2 wethod 2 PP PR PSP PP PPRRPRPPPPPPRE. 3 |
4.2.1.3 Method 3... U UPRUURRTR X,

4.2.2 Net Present Wﬂr[h r:rf Rnadmg Costs SO U PPPRRTRRY - .
CHAPTER 5 - CONSENT APFLIC&TIDNS........,. 4?
SOINTRODUCTION e e S F
5.1 RESQURCE CONSENTS... O PP PP PO U PP RPPRPPPRPPPPURN-
5.1.1 What is a Resource Cunqe.nt'? P PPPRTPPPPPPT- ¥
3.1.2 Will a Resource Consent be requjmd’? VPSPPSR U PR PPRPOPPRRE - ¢
3.1.3 Which territovial authority should be apphcd m’:' e e e S
5.1.4 What activities usually vequire a Resoures Cons&nt? PR 1.
S2OTHER CONSENTS (et v e B9
5.2.1 Transit Mew Zealand........ooovvie e B9
SZL Stare HIGHWAYS ..o ceiesmnrrs e e e anne s s enemeeranassssnes 9
5.2.1.2 Local Reads ... e e s e anscear ennens U

5.2.2 The Historie Places Truat und Lm:al Mﬂcm ................................................. 50
3.2.3 Department of Occupational Satety and Health {OSI—I}SI
3.2.4 Forest Company (If relevant)... T 3 |
5.2.5 Fish and Game Council, and Dﬂpartment of CGnSﬁwatmn {DDC] .............. 52

5.3 WHAT INFORMATION IS REQUIRED FOR A RESOURCE CONSENT?... 52
5.4 TERRITORIAL AUTHORITY CONSENTPROCESS . ... 54
5401 Controlled aclivity e e e 3
342 Non-controlled Activity ..o e sensesssssen e 34
5.4.3 Resource Consent Implementation ... 37
CHAPTER 6 - LAYING OUT THE ROADLINE ..o, 358



6.1} Terrain [nformation .. a5
f.1.2 Iritial Field Work .. - v G0
6.1.3 Stepping Oul A Rmdlmﬂ Dn !'*. Tupﬂﬁmptm,al Map e O
6.2 RUNNING A GRADELINE .. T v 20
6.3 ROAD SURVEYING........... ... BB
0.4 GEOMETRIC ROAD DESIGN ..., e 1
4.1 Read Cross-Section ... e B 7
6342 Horizontal Allgnntent ..., IORRURPPTNS.. 1|
6.4.3 Vertical ALSNImEnt .o vt e e e s e a3
6.4.4 Sight Distance ... - .83
6.4.4.1 Sight Dnnmce And Ucﬂmll Ah_}:,nmcnt . B4

0.4 4.2 Sight Distance And Horizonlal Alignment.............. v B3
6.4.4.3 Caleulating The Safe Stopping Distance ..., vrre B8

6.3 SETTING OUT THE ROADLINE ..o eee e eemeecncas e s 9
6.0 FURTHER READING e rcn et e e 3
CHAFTER 7 - EARTHWORKS .. .95
7.0 INTRODUCTION .. . o 95
T MARK (..LE.ARI“JG WIDTI If':- e 95
7.1.1 Minimem Clearing Width .3
7.1.1.1 Step One: Road has not bccn dwﬂued 95
7.1.1.1.1 Gradeline Location .. LB
7.1.1.1.2 Cross-sectional Layuut e tan b e anes pene e sae e e e rae s PO

T L2 AN CUE Cross SECTIOM .ottt s ce s senrnar s a s 102

T L 122 All B cross seclion.. . L 104

7.1.1.2 Koad has een dE‘:lgl‘ltlﬂ. and setout mlh |J-E'-‘.5,......,............ 05
7.0.2 Daylighting ... iy
7.2 TYPE OF EARTHWDRI{S - 109
7.2.1 End-hawling . . 109
7.2.1.1 Reasons ﬁ:u !Iznd hdul]ng ("ﬂnﬁ[ructmn 110
7.2.1.1.] Regional Requumnmns.... L
T21.1.2 'l"ﬁpowmphj,r b1l
T2.0.0.3 Geology.... . 11
7.2.1.1.4 Proximity Lo Watm Couvcs Lil
7.2.1.1.3 Proximity Lo Public Roads... 112
7.2.1.2 Types of End haul Cunsnructi:}n,,.,,........._.._..._._..._....... 112
T2020 One Pass o L2

T2 122 Two Pasie o, R

7.2.1.3 End-hau] calculmions ... 114

F2 031 Cyele THDE e e eececees | L

T 13,2 Factors W ComSler o e e e 1if
7.2.1.3.3 Bxample ... e JH18
7.2.1.3.4 How 10 Mhnumsc CO’SH w121

7.2.2 Sule-casting . OO PSR PP UPPPPPRRURRRROTRY D
7.2.3 Sidecast Pull Bde ...................................................................................... 125
7.2.4 Benching ... 123
?BSEQUE'\‘LEDF EﬂRFl[WDRKS L 120
7.3.] Method Coe - Fla to Moderate Termm L L26
7.3.2 Method Two - Steep Terrain . 127

1.4 EMBANKMENTS AND SGLID FILL 127



7.5 MACHINERY ...
1.5.1 Excavators . .
75101 IIvdlauhc Ex-::'watm Dpcmtmg chhmqucs
1.5.2 Buiqu?els
7.5.3 Scrapers .
.54 Otheys, reerens
7.5.5 General Dvewlew ..
7.0 LAND CLEARING PRDDUC’TIDN T
17 ESTIMATING MACHINERY PRDDUCTIO\T
7.7.1 Bulldozer Production ..
7.7.2 Excavator {backhoe) PludULtmn
CHAPTER & - PAVEMENT DESIGM ..
B TN TR LI T I N oo irrmrrn s et resssamares s b s i e
8.1 PAVEMENT DESIGN e
8.1.1 Input Variables..........

%.1.1.2 Design Tralfic...
8.1.1.3 Subgrade Fmperttea e
8.1.1.4 Pavement Marertal Pmpemm
8.1.1.3 Envirenment .. ST
3.2 SUBGRADE EVALUAT[DN
8.2.1 Procadure for Dctmmmauon :}f CE-R

£.2.1.2 Laboratory determination of CBR ...

82.1.3 Presomptive Design CBR .

B2Z2CBRs Less Than 3% e
.3 ELEMENTS OF A PAVEMENT......oocovv i,

B3| Types OF PAYEMERIS oot

8.3.2 Puvement Material Properties. ...

B33 Aggregare Mixture ProperGes. .

8.4 DESIGN TRAFFIC ..
241 Axle Load I::quwnltncmq

CHAPTER 9 - PAVEMENT CONST RULI IDN

9.0 INTRODUCTION ..
9.1 SUBGRADE AND P#VEMEN'I S'l ABILISATION
42 STABILISATION BENEFITS ..

§.2.1 Srabilisation ¢f Pavement l AYELS .

REQUIRED... .

94 WUDIFIChTiD‘“\] DF MATERIF’-.L PRDPERTIES

U5 ESTABILISATION TECHNTQUES I
931 Lime...
052 Pml!dnd CtanL .
2.5.3 Bilwmen ..
0.5.4 Dther Chcmlcul Pmducra
05,5 Mechanical Slﬂhlll&-:]flﬁrl..,...,.................... .

B4 STABILISATION ECH rIPMENT
9.7 COMPACTION oo

9.7 1 Marural Consolldation. ...

v 128
e 128
T

v 137
o 140
oo 14l

v 141

e 14
e 142

o147
S 1
— 1

051

ween 152

8.1.1.1 Design Penod e et .. 152

vrameean 132
e 154
e 104
e 155
S

B.2.0. 1 Imsiu Measurements of CBR. . 56

.16

e B3

S [ %

163

o Y
. 187

|

v 175
L AT76

. 180

L 1ED
181

v 183

. v 185

9.3 PRELIMIMNARY ASSESSMENT OF THE TYP]: DF' E.TAH{I lSﬁTID‘\J

.Y

e 190
192

R L
e 194
e 156

e, 197

L AOR

N

v 180

I R



0.7.2 Compaction or Controlled DensiDeation......... e
073 Optimum Moisture COnienl ..o irrrarae e e
0.7.4 Compaction Equipment ... e,

9.7.5 Compaction Procedure ...

98 GEOTEXTILES ...............

9.8.1 Fypes Of Geotextiles ...

9.8.2 Applcations.....

59 CORDUROY ... - .

9.9.1 How Does E,m dumy Work'?

9.9.2 Corduroy Types .. .

9.9.3 Design Of Log Lﬂrduruy Rmd% )
5.10 ECONOMICS OF THE STAB[LI&ATID'\ GPTID‘*J.........,....
2.11 RECOMMENDATIONS...

CI—]!\.PTER 10 - SLOPE STABILISATIDN
(0.2 BENCHING. ...,
O3 WATER CONTROL .. ..

1031 SIOPE DEAIMAGE coovooo et er ittt i enr b1 oo 2emmeean
104 RE-VEGETATION oo een e

10.4.1 I-[}rdmsccding.....,.

10.4.2 Handsowing ...

1.5 GEOGRIDS ..
10.6 GABION S‘TRUCTURES

10.6.1 Retaining Walls .. .

10.6.2 Geogrid/Gabion Cnmhmatmm - Remfwc.::d harth Rﬂtammg W;:Ila .......

10.6.3 River Walls ... e eer e et e e e e .

10.6.4 Channe] Lining-a..,..,....................

10.6.5 Weirs, .. .

10.6.6 Bridge Abulmmta
10,7 REMOVING OVERBURDEN STRI:SS
10.8 SLOPE MODIFICATION ..ove

CHAFTER 11 - WATER CONTROL...ovee
LAY INTRODUCTION
11.] WATER TABLE DRAINS {Sldc Dhl.ll'l:h}

FL LT Walertable Drain Design....nnn e .

11.1.2 BEroston Control in Drains......cooe
F1.2 CATCH DRAINS .

1.3 CULVERTS.. N

F.3.0 Culvert Lypu, .md demgn
11.3.1.1 Cross culverts ..
11.3.1.2 Walerway Culvarm
L1313 Drainage Culviats oottt e et
P31 Opert-Top COIVEITS e ctrr s e e e s rre e en s eeee et

i 1.3.2 Colvert Installation .. .
11.3.2.1 Drumage C‘uhm[ Enamllatlun.....
11.3.2.2 Crass Culvert Instalbation ... e

11.3.3 Number and Spacing of Culverts.o e
114 FLUMES e

L 200
.- 200
|
reeeeee 206
U L
e, 208
w208
S B
v 213
e 214
e 210

337

R TS

e 223
e 225
i 225
225
e 226
w227

227

227

crvrneeerees 228
crrrnenere 228
e 228

e 230

.. 3232

232

veeeea 233
.. 233
234
e 2384
e £33
e 236
e 237
e 237
e 237
can 238
ce 240
e 281
v 242
v 2442
-
.. 244

244

244

o246
246

246
246

o 248



1.5 SEDIMENT CONTROL STRUCTURES 249
LS Sediment TP oo s e e s e e o 200
11.5.2 Silt Fences... - O L.

11.5.2.1 Cunatruumn DfS]ll l-'ence'i ................................................................ 250

11.6 OTHER WATER CONTROL STRUCTURES AND METHODS ... 230
11.6.1 Berms.. PO
11.6.2 Cross- dll{.he'-, {W.ltm bdra]l S POV ¥ |
11.6.3 Roadside Vegetation.......... ‘252

11.6.3.1 Planting.. s 253
116311 H}dfmeaﬂmg R POV RRUOPURPPRPRO R o X,

11.7 DRAINAGE OF Lf‘i'\!DI\IGS PPV U U TPRRUPUOPUTIY ™ |
11.8 EQUIPMENT ... PP PR PP 1.
CHAPTER 12 - WATERWAY CRDSSNGS U PRTPRRPPPR e B

120 INTRODUCTION e 235

2.1 TYPE AND LOCATIGN im0 233
12.2.1 Pipe Culverts . PP I

12.2.3 Battery Culv&rlh ........................................................................................ 258
12.2.4 Arch {hu][-pipc} CIVEIES . e 230
12.2.5 LOE CulVOITS e cersis s v e i sme rmsmsssss s nssmae s e s snnenssnnnnns S99
12.2.6 Size of Culve.lh USRS 1
12.2.6.1 Determining Size by {nﬁ;peclmn PO PP DR OO P PP PPPPRPUPPUPOPRRY. i
12.2.6.2 Use of an Empuical Formula, . 261
1227 Culvert Installation .. et 253
P2.2.7.1 Flexibie COIVOTTS (ot 2003
(2202 RIZId CUIVELITS e rrm s vmmmessrrre s smmernrr e 2005

[ 2. 7. 3 FoundathOms o e, 26
12.2.7.4 Backfilling .. e 2629
12.2.7.53 Construction ::rf a cu]vcrt ma ﬂﬂwmg SLECAML .o veseecemenennns e e 2030
1231 Types of Bridges oo e 208
123,11 Permanent Bridees ..o scin e 208
1231 E L Log Bridges .o ceemvsrsmsnsssrn s ersnsrrrn s imc s n s nsmn e s 2000
12.3.1.2 Temporary Eridge:i e e e 268

IE 4.1 Dca:gn Df Fords TP PP S |
12.4.2 Constraints .. PO
CHAPTER 13 - LANDWE‘ CD“JSTRUCTID‘\I et e tve s anaaeen e SR
130 INTRODUCTION 2?"3
13 LANDING POSITION Lot e 22
13.2 LANDING DESTGN. ..o sttt 20 3
[ 3207 SUEE e e e e e e smmaaes i are e e B T
A, ? 3 {ieneric Ldl]dlng i dyouta PP UN T OO PRPPPPPURD . Jo
]3.3 CONSTRUCTION .. 2?‘9
13.3.1 Construction Ta:t:hn'aqu{:s e e et et m e et e e e e a1 AT
134 WATER CONTROL ettt r . 282



CHAPTER |4 - ROAD MAINTENANCE
LA OINTRODUCTION .ot s e

l4.] LEVEL OF SERVICE..
(4.2 MAINTENANCE REC‘IMFE:
14.3 RECDNSTRUCT[DT\IREHABILITﬂTIDi\

14.4 MAINTENANCE MANAGENMENT SYSTE‘VIS
I O 0TS o] o USSP
14.4.2 Wet Weathar INSpectiong ... oo cmrceeieni s sae e
14.5 MAINTENANCE PRACTICES FOR VARIQUS ROAD CLASSES. ...
14.6 DEFECT CAUSES & CORRECTIVE PROCEDURES...
14.6.1 Surface Defects e,

[4.6.1.] Corrugutions ..
l4.6.1.2 PuLh{:le&.
l4.6.1.3 Ioc furmdtmn on ‘sLllidCE .

(4.0, 1.4 Surface SCour ..o, e e, e e

t4.0.1.3 Soft surfaces ...
14.6.2 Foundation Datects...

14.6.2.1 Rutting ... TR

14.6.2.2 Subgrade l'lulun.

147 PAVEMENT MA[\TENF&\CF REQLIREMENT?

14.7.1 Re-shaping ... ISP
14.7.2 Camber {Cmssfa!l)

I I ] T A Lo 1] o O PR
14.7.4 Gravel ReplacEmient . ..o oceecien e e s s

14.7.53 Dust Control .
t4. 7.5, 1 Types of Dusl Suppreq';ants
14.7.5.2 Procedure for applying dust Suppreamnlﬁ

4.8 DRAINAGE MAINTENANCE REQL IREMENTS
14 8.1 Camber (Crossfall) e tenteent e eee e 02

302

O 1) P TPV 303
[4.8.2.] Scounng....coecveennn, 304
14.8.2.2 Corrosion .., 304
t4.8.3 Bridpes ... 305
14.8.4 Fords ., . 305
1483 Water T.Jble D] wins. L 306
14.8.6 Sediment Punr.ia!lmpa 37
FB.7 Raised BRITIE e et st 307
14 3.8 Flumes .. , et erre— . 308
14.8.9 Nawwral Wamlmuwes ............................................................... 308
149 ROADSIDE MAINTENANCE. . ... 309
[4.9.1 Roadside Vegetation... . 309
14.9.2 Shoulder Maintenance .. 31
i4.10 MACHINERY SE.LECTIDN L3412
14.11 ECONOMIC EVALUATION Dl" ROAD MP«EN I"E‘*IANCI: PR(}J]:.CTS 314
L4, i L. ] Beonnmic Evaluation Terminology ..o veennesiceeeeeeeen 3 1
L4.11.2 Elements OF Pavement Cost ARaYEs i 347
14.11.2.] Roading Owner Elements. ... e 317
14.11.2.2 Users Elements: 318

141 1.3 Methods OF Project bx aluatmn 320

|



[4.11.4 Pavement Rehabilitation (Recnnﬁtructicm}.....................,......,
CHAPTER 13 - GLOSSARY OF TERMS .
CHAFTER 16 - BIBLIOGRAPHY . :
APPENDIX A - Eslimating ﬁvcm"e f lE.I:Ck bpﬂed
APPENDIX B - Resource Consent ﬂppimtmm
APPENDIX C - Geometric Diesign ..

e 324
S ¥ 4
e 350}
e 358

2365

: IR i
APPENDIX D - Culvert diameter sixe fﬂrmuhm dt‘ld. catchmem water dnch lrgL

. 384

&






TABLE OF FIGURES

Figure | - Road Planning, design, and construction procedure ... T 1Y
Figure 2 - Chapter 4 "Road Stundards” ..o e, e 200
Figure 3 - Chapter 5 "Consent Apphcation™ ... |
Figure 4 - Chapter & "Laying Qut The Roadline™. ... e 22
Figure 5 - Chupter 7 "Earthworks” ........... reen 23
Figure & - Chapter 8 “Pavement Design” . .24
Figure 7 - Chapter 9 “Pavement Construction”™ ... e 25
Figure 8 - Chapter 10 *5Slope Stabilisation™ ... e 26
Figure 9 - Chapter V] "Water Coniol” e 27
Figure 10 - Chapter 12 “Watlerway Crossings™ .....ccoeveis e 28
~ Figure {1 - Chapter 13 “Landing Construction” e 39
Floure 12 - Chapter 14 “Road Maintenance” . T |
Figure [3 - Roading standurd ¢ffect on ﬂ‘-ﬁiml] me-pon and madmu COSH. e 3z
Figure 14 - Typical forest road Glas508 e cecaecen 33
Cigure 15 - A typical anterial road .. e 34
Figure 16 - A typical secondary road... .35
Figure 17 - A typical spur road .. . .35
Figure 18 - A typical esiabhahmcnl I’Ddl:[ e 36
Figure 19 - A typical skidder track .. s e 30
Figsure 20 - Economic analysis of various madmj:, uptmm SN
Figwe 21 - The effect of average design spccd on the Net I‘-‘mnenl Wnrth ::rf
ransportation costs .. . ¢
Figure 22 - The process Dfaljplylnﬂ fDr a Remur{.c Cumen[ SRR
Figure 23 - Procedure for planning, destgoing and sctting out 4 madlme ................ 59
Figure 24 - Typical roadline \Lﬂppcd QUL 0N A [oPog) .Lph leal map theough control
points A, B, Cund D.., e 02
Figure 25 - Measuring dﬁtmm o i mpugmphmd[ rmlp e 03
Figuree 26 « Using dividers to step oat 2 roadline... .. B3
Figure 27 - Aboey and Clinometer used to measure al{:pe betwcf:n mmml pmm:.._. 66
Figure 28 - Marking a gradeline ... e 67
Figure 29 - Typical surveying cqmpmem i e B9
Figure 30 - Taking and recording slope, bmung Lmd 510]}@ le[—.‘l]’lCE heu-. een
survey stations .. . Ly
Figure 31 Mcasurm}:_ thc h]DpE md HleC (!L:.tuncc IG!‘ RIIS {Rtﬂh[ Hdl'td Sldej
cross-seclion - o
Figure 32 - ME'!‘-.Llliﬂg Ihr: slopa cmd HIUPE dlamnce fm LH‘; I[cht [-Lmd S1dc}
Cross-sechion ., - 12
Figure 33 - T‘-fplc.-_ll flf.:ld bODk sctout.. .13
Figure 34 - Horizontal and vertical alignmenla de lﬂdd dmlgned using
GEOCOMYP... : eereaene 10
Figure 35 - Stand'ird mdd CrOss-SeChions [t&mp!ateq} e 1B
Figure 3 - Trailer off-trucking on a curve. .19
Figure 37 - Additional curve widening n:quuv:d I"m 1 uff-hlghway .Jnd
on-hichway log truck, . cerrmre e 41
Figure 38 - Curve radius Fnl i aiven desr—‘rn bp(’:(‘.d d.['ld wperelewuon e 82
Figure 3% - Sight distunce an o crest vertical CUIVE e, B3



Figure 40 - Sight distance on a crest vertical curve. ..., . B8
Figure 41 - Sight distanee en a horizontal curve ..o, o 87
Figure 42 - Culculating the curve radius... e G
Figure 43 - Cstimating sight distance on a hunmntdl CUIVEL e gy
Figure 44 - Typical cross-sections generated in ROADENG version 2.0 .. 2!
Figure 43 - Seuting out of earthworks.......... e B2
Figure 46 - Gradeline location ... )
Figure 47 - Typical road cross- m.ctmna! ]ﬂ}'E}LJE ......................................................... &7
Figure 48 - Setout of a standard road cross-section.. - e 99
Figure 49 - Setout mformation for road cross- aeumn wnh a ‘sldL» alope {Jt E}ﬂ% .99
Figure 50 - Setting out road using pegs.. L]
Figure 51 - Calculating the offsets {or 1he mp nf a ba{[m ﬁ::u 3 :all CUL CIOsS-

section.. . I L4
Fisure 52 - Cﬂicu laung thc c}f I‘bets Fm LhL. buuum ul i battcr lm an a]l nu Cross-

section.. - 104
Figure 53 - T!EE'E Ihﬂt are to hc Llﬂdl‘ed i"cu L;l!Ih"ﬁ.-leb et e eneenes 106
Figure 534 - Width to be cleared of ol orgamic material tm emhwmka ................. L3
Figure 55 - The munimuom cleanng widih required o provide at least one howr

ol sunlight on the road for the shortest day. e (a7
Figurc 56 - Position of mid winter sun and ihe eiffect of cutting north-tacing

trees for daylighting. i o 108
Figuire 37 - l:nd haul cr.:;-nxlruumn . v 11
Flieurs 38 - Read construction rew watqu}rq on @Eﬁep nlop{:s e 111
Figure 59 - One and two puss methed of end-haul constroction ... N
Figure 60 - The two pass method .. e 114
Figure 61 - Typical end-haul scenario . . URUTPRTRe ) 1 s
Figure 62 - Typical end-haul road corstruction wuh pﬂssmg bd}*& vorneee LT
Figure 03 - Sel-out of CUL PRUET PEE.ccii o crcarar s e recer e e e s e e 122
Figure 64 - The eficet of chunging dispasal distunces on cost ... .24
Figure &5 - Sidecast construetion . - SUUPPPPOTPRP b 3
Gizure 66 - Bench cut to contain mdemst fl” ......................................................... 126
Figure 67 - Dozer production chatl .o ceeeeesees e b2
Figure 68 - Grade adjustment facton.. ... e cesesrcve e 146
Figure 69 - Excavator production Tor various work conditions ... 147
Figure 7 - Pavement design diagram .. e L33
Figure 71 - Penetrometer to CBR conversion graph SSTUTURURTOURTTRRRRRORPOROR 1 14
Frgure T2 « CBR ST ADPIRIILE . ot e re e rmenssrrnac e n 162
Figare 73 - CBR vs pavement thickness. ..o cvvceie v . 1064
Fligure 74 - Elements of @ PAVEMENT. ..o et amssna 65
Figure 75 - Pavement cross section showing Idealised lond distribution . ......... 66
Figure 76 - Load bearing capacity of various pavement depths ., 10Y
Figure 77 - Surface contact is increased with broken faces . ienriiinnn, 170
Figure 78 - Aggregate mix properties and workabidity ... v 172
Flgure 79 - Standard 80 kN axle.. s L 176
Figure 80 - Permanent snd Rmnhcnr Stmm& e 178
Figure 8] - Economic use of rollers .. ceeen 207
Fisure 82 - Uses for Geotextiles... —S)
Figure 83 - Reinforcement using lng cordumy 213
Figure 84 - Flow of water along corduroy pl;:m: ..................................................... 214

i

Ll



Figure 83
Freure 86
Figuye 87
Figurs 88
Figure 89

Figure 90 -

Figire 9]
Figure 92

Figure 93 -
Figure 94 -

Fizure 95

Figure 94 -

Figure 97
Figure 93

Ciguic 99 -
Frgure 100 -

Frgure [0
Figure 102
Figure 103
Figure [04
Figure 105
Figure 104
Figure [{}7
Fizure 108
Figure [09
Figure [ 1}
Figure L1
Figuye |12
Figure [ 13
Figure [14
Figure |15
Figure |16
Figure [17

Figure 113 -

Figure 119
Flgure 120
Figure 121
Figure 122
Figure 123
Figuie 124
Figure 125
Figure 126
Figurg 127

Figure 128 -

Figure 129
Fizure 130

Fleare 151 -

Figure 132
Figure 133

R T TR

Corduroy road construction using & brush mat ......oorvenn pen 215
Corduwroy read construction using logs................ e 215
Columbus mat .. i " S
Two types of c;ubﬂmde «.ha,ar l'uluu, e 217
Hand Vane Tester .. } e 218
Depth of aggregute flll reqmred 1o preven[ bE.-.‘L! lng fdlIurc . 219
Depth of pumice fill cequired to prevent bearing failure . 220
Bench cut to contain side-cast hill.e o 220
Typicul geogrid formation. . . L 228
Slope stabilisation using Lhc ‘tee tmck' mcttmd e 229
Slape stabilisation using surface geogrids ... o229
Gabion matkresses .. e 231
Gabion baskets . . 23]
Ciabion wall auppomnc HY hll H]Gpt‘: . 232
Gubion mattresses wsed 10 line a waterway..,,,,,,,,.,,,. rven e 2303
Gabnon maitresses and baskel combination lining a waterway........ 233
- Stepped gabions used a5 velocity and crosion control over weirs ... 2534
Sloped gabions used 10 proteet Wi SITUCEUICS 234
Gubion mattresses, baskers and geogrid used for bridgs abutments ... 235
Bemoval of overburden material .. . 235
Walertable drams .. - e 238
Waer runcff using tleDifx and w-.ltf:rl:tbl{, flmm&. L 238
Trapezotdad Irain ..o, L 239

239

Boulder check dam and Log check dam ... 240
Posttion of catchdram .. con 2]
- [Pusition of spillway ... : e 243
Onen ditch draunage ayatcm using ]CJL Lu]vem e reenaeenen 243
Culvert spacing for 380 mm diameter [J]]}LS 247
WHROLL TTUTRING e e s 280
W TUMIOE e 248
Grassed Berms .. e 2500
Cross ditch dcugn . 251
Batier slopes gnmed to CDn[IDI erosion.. v 252
Box Culvert dcmgna........................... e 258
Buatiery Culvert. ... 259
Log Culvert.. - e 200
IFhexible pipe iuad u:mafcr S U PSP PPPPPPPPTPPPRRN i -
Rigid pipe load lmnsfm‘.............................. OSSP UV PPRRRRPNDJ b
Culvert Installation Praciiots s v s rnrres 266
Temporarily diverted stream for constraction of culvert ... 267
Forable temporary bridges USING Fallway Wagons. .. e 270
Drive through landing .. vieeeees 276
Road side landing.... e 217
- Spur roxd end hmtlmu l..lﬂdl['l.n e 278
Split-Level Landing ... e 274
Preventive elainlenance regime . .. e 28O
On-demand maintenance regime i e 280
Pavement showmg sofl Spots ... 294

H



Figure 134
Figure 135
Figure 136
Figure 137

Figure |38 -

Figure 3%
Figure 140
Figure 141
Figwre 142
Figure 143

Figure 144 -

Figure 143

Figure 146 -

Figore 147

Rutted pavement ..
Grader re-shaping mad pamcmcm

Poorly drained pavement ..

Poorly protected culvert ... TP
Water table showing signs ot icﬂuung y

Cleared roadside vcgctdtmn............._....
Shoulder build ap....coei
[ight grader......
Smooth dram roller....
Gravel truck ..

Excuvator ..

User costs fcrr an on- df:m,_md manenance egime L.,
Users costs for 4 preventative matntenince regime ...
Roud owner versus road users costs......on

e 255
. 298
e 302
NG 19
e 307
e 309
S
e 312
313
.. 313
e 314
e 315
e 316

.. 320

[



TABLE OF TABLES

Table 1 - Dhstribution of roading classes within a typical forest roading network.... 34
Tuable 2 - Present Worth Factor of an annuity .o ecninieese i e, 82
Table 3 - Caleulating the NPW of transportatian o5t ..o 43
Tuble d - Table vsed to calculate the NPW of transportation costs................ 44
Table 3 - Calculating the Net Present Worth of meading costs, 43
Tuble 7 - Grade relationship-converting percent 10 Gegrees. .o, 4
Tublle 8 - Typical field book setoul l.l‘iing EOIUTINS. .o 1
Tuble? - Recommended giade limils... e, B
fable 1) - Stopping distance required to a‘»md i CDllmCm ....................................... G}
Tuble [1 - Advantares and disadvantages of o steep cob SIOPe. e 0%
Table 12 - Calculabion of setout information for earthweorks. ... 08
Tuble [3 - Sewout data For a formation width of 6.6 meires.. 100
Tuble |4 - Tuable to caleulate offset constraints a and b for a cut alope () Ui" ?DU%IGH
Tuble 15 - Table o calculate offset constraints b and | for a cut slope (o) of 2009103
Table 16 - Table to calculate offset constratnts a and b for a fill slope (o) of 70% 14
Table [7 - Table w calculate offset constraints b and | for a fill slope (o) of 70% . 105
Table 18 - End havl variubles. ... VUV UTUTOUUORUPPOPRY I |-
Tuble 19 - Loose layer depth Iur cumpactmc clmn :mud P POTPR I":
Tublz 20 - Loose layer depth for compacting coarse rm,l-:i“l] .................................. 128
Table 21 - Estimating costs of produetion and transport lor various duzer types ... 143
Tuble 22 - Soil swell factors.. PR b
Table 23 - Job Coodilion Cmn,clmn Fuc.[un. TP U UR OO I 5
Table 24 - Exgavator production and mmh;mrt COSLS coirie e e s L3
Table 25 - Material properties table. e LT3
Tuble 26 - Axle loads caosing equal damage e LT
Table 27 - Lowd cquivalence exponent... e 178
Tuable 28 - Results of treating various 'iml L}rpf:s wuh COMMeN rIlELh:}da c}f
stabilisation.. RO - v
Table 29 - f\ppllcublln}* Di xiab lnaimn mc:thud.b b:tHE‘.d on u:ul p uticlc size ... |38
Table 30 - Application of stabilisation {after NAASRA 1986) ... [BD
Tuble 31 - Field tests used W estimate the shear stvength of a snil .......................... 218
Table 32 - Loose layer depth {or compaction of cleansand ... 223
Table 33 - Loose layer depth for compaction of course roekblic ... 225
Tuble 34 - Culvert spacing for pipes greater than 380 mm in diameter. ... 248
Table 35 - Comparative landing dinmenstons. ... e o 24

i1






INTRODUCTION

| H31d¥YHO






CHAPTER 1 - INTRODUCTION
1.9 NEW ZEALAND FORESTRY AND FOREST ROADING

There are now 1.5 million hectares of production forests in New Zealand [NFOA,
19971, It is cstimated that forest production will increase from 15 10 30 million m” in
2010, aned much additional roading will be required to access these new forests. There
is the poentizl for significant savings in muding costs if better technical information

were availabie on their planing, design, construction and maintenance.

Swelies in Mew Zeatand and overseas have shown that roads, tracks, and landings
cuniribute significantly 1o sediment mobilisation [Q'Loughlin, 1979 Vaughan, 1934,
cited in Wallis and Mchahon, 1994). Scdimentation may result from movement of
soll and debris during road construction, surface erosion of roads, watey tubles, {ill und
sidecast materials, or mass movement due to the failure of over-steepened slopes.
Anderson (1976) lound that as much as 90 percent of the erosion in & catchment
comes from roads. Sedimentation from roads can be significantly reduced through
mroper plinning, design, construction, and routing maintenance [Packer and Laycock
1969, Megabian 1972; cited in Leal 1974]. Many regionsl councils have produced
eroston conlrol goidelines as part of their responsibility under the Resource
wanagement Act 1991 [Handyside, 1992, Envirorment B.O.P, 1993 Buy of Plenty
Regional Council, 19931, These guidelines show warious simple and incxpensive

eroslon protection measures, which can significantly reduce sedimentation.

Forest roads in New Zealand are generally constiucled o a high standard, but this
generally owes maore o the experience of the roading supervisor, rather than to any
formal gualifications and training. When an experienced reading supervisor leaves a
job, hisfher knowledge goes too. His/her replacernent will often have to learn the best
roading practices by wial and error. This manual cannot ieplace the experience of
roading supervisors or engineers, but it is intended to assist in overcoming some

commen engineering problems.

i



1.1 SCOPE OF MANUAL

Conzsiderable literature s available in New Zealand deseribing research and technical
information on forest roading. Much of this information is difficult to obtain, and 15
not writlen with forest operations o mind.  Until now there bas been no single
ducument which collates all the required information using an easily undersiood
format which can be applied by the torest roading supervisor or tew enginegr.  This
manuil is based on & comprehensive [terature search of New Zealand and overseas
imformation on unscaled and forest roads.  New and (pnovative practices and
procedures have been identificd through copsulation with roading  engineers,

supervisors and other associated personnel.

Tiwe Forest Roading Manuad covers all aspeets of the planning, design. construclion,
and maineenance of unseuled forest roads. 11 has been prepared for people who have

only a limited civil engineering background.

Ttus publication 1s net intended to replace any existing operational instruction in the
various road construction agencies, or forest companices. Rather, 1t is inended to (il a
void by providing, wm ene docement, information on well understood techniques as
well as ihe latest develepniemts and practiees for upsealed roads. It does wot cover
arcas relaling  specifically o sealed roads, rigid pavements, detaled bridge
comstruction, or detailed product ranges, Most of this information 15 wvailable from
other manuals, nunufaciurers brochures, and other publications. Seme recommended

reterences have been giveno to point the reader to this information,

Chuptey 16 contains 4 bibliography of refevence manuuts and relevant jnaterial, and
provides an excellenl source of reading documentation.  This is 2 comprehensive lst
of references which readers can use, should they necd more detailed information and

spacifications w suil their needs,
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CHAPTER 2 - ATM and OBJECTIVE

20 AIM

To provide a Roading Manual which can be easily understood and applied by those

wha are responsible for unsealed forest rouding.

2.1  OBJECTIVE

To produce 2 manual which covers all aspects of the plaoning, design, construction
and maintenance of forest roads and landings and which promotes seund construckion

techmigoes, o safe working environment and the maintining of enviconmental values.
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CHAPTER 3 - USE OF THE MANUAL

2.0 INTRODUCTION

Unsealed road construction is the primary form of road construction in the forestry
indusuy. A fow exceptions occur in larger established forests which may have major
sealed anerial routes throwugh the forest.  Sealing of foreskry roads is uwswally
undertaken if the roads have o high level of waffic flow, and wheve speed wnd safety 15

d requ irement.

The Forcse Roading Manual 1s not wntended to be read from start to fimish,  Each
chapter covers a different aspect of the roud planning, design, construction or
maintenance.  Sections of each chapter, or perhaps an entire chapler, may not be
relevant to the reader, depending on their specific requirements. The flow diagram in
ligure | shows the general procedwes to follow when planmng, <designing and

constructing un unsealed road,

1N
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CHAPTER 4 - ROAD STANDARDS
4.0 INTRODUCTION

The determination of approphnate rowd and constroction standards, in lerms ol geometrics and
pavernent materials, requires technical evaluation of anticipated roud usage and function. The
optimum road standard is defined by the mimmum combined cost ol raud construction and
maintznanee, and truck hauling (figure §3). By choosing un appropriate roading standard, the

lotal costs w the Torest owner will be reduced.

Cost versus Roading Standard

A
) Roading Cost
Cost () |
; Trueking Cost
| |
d —»
I_owest Optimum Standard Highesl
Roading Standard

Fipure 13 - Roading stendard effect on cverall transport aned roading costs,

(e thewry, the task s simply one of determining the location, width and alignment which gives
the lowest combmed cost {or road construetion, maintenance and haulage. The foliowing
section offers seme guidelines for choosing the appropriate rosding class and weometric
standards. There s an addilional section on simple ceenomic comparison of proposed rouding

stundards 1o aid in decision making.



4.1 ROAD CLASSES

Roads within the [orest can be divided nto five brosd classes or cutegories:

. Anerial

[

. Secondary

3. Spur

4, Establishment
. Skidder Tracks

)

Figuce 14 shows the peneral layout of the roud clisses. and table | shows the disuibation of
the roading classes within a typical {orest roading nelwork, The geometries noted tor cach
roacding standard are giadelines only as they may ditter from [orest wo fowest. To determine the

most suitable geometric standard, section 4.2 on economic analysis can be nsed.

Spur.__ﬁﬁ/

|

-

-

Skicder Track/l?_'

i’

1

o
-

Secondary - Z

Arterial .
\\

State Highway

Fignee fd4 - Tvpical forest rowd classes

e



Roead Class Speed | Road Manx. Volume Description
Width | Gradient
Artenial TOkmih | 9m 3% 250,000 { pa Highest Standard
Sacondary S0km/h | Tm 7% 60,000-250,000 tpa | Medium Stundurd
Spur J0km/h | 43 m 10 % <(0,000 1 pa l.owest Standard
Establishment | 25 km'h | 2.5 m 25% Light ¥ehicles Temporary Tracks
Skidder wacks | 20 kovh | 25 m 253% Skidders Temporary Tracks

Talde 1 - Disrribnction of rovding closses within a typical forest roading nemwork

4.1.1  Arierial Roads

»  Carry maore than 80 hepd (250,000
Lomney pa. )

o Penmanent two-lane rockls constrocied (o
the highest standard often sealed.

»  Designed for a minimum speed ol 70
knvh for fat and rolling tecrain, and 50
km/h For mountainous tercain,

»  Have o road way width of @ m Tor [Ta
and  rolling  teram, wod 8 o for
EOLNLALNGLE P,

»  Have a desirable maximum groadient of

5% (6,746 far shon distunces) for flat and
rolking terrain, and &.7% (10% for shont

distances' for mountaimous terrin.

Fiewre 15 - A typical arterial rood
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4.1.2 Secondary Rouds

Figare 16 - A rypiical vecondeary road

4.1.3 Spur Roads

Figure 17 - A mvpical spnr reqd

Feeder rouds from spuy to avtertal roads.
Carry between 20 and 80 hvpd (60000 -
250,000 wnne pa.)

Liascaled  perrmanent two  lane  roads
constructed Lo a high stndard.

Are designed lor a speed of 50 kovh for
[lat wod rolling terrain, und 40 km/h for
HILINEAEROUS [EOTn,

Have o road width of 7.3 m for flat and
rolling  terrain,  and 67 m for
MOLELLILS §Crritn.

Huve o desirable maximum gradient of
3% (6.7% for shon disiances) four Mat

and rolling terrain, and 6.7%{10% lor

shotrt distances) lor mountainous e,

Short temporary roads that feed from the
banding to the secondiry road.

Carry less than 20 bvpd (<60,000 tonnes
L)

One-lane roads construeled to the lowesl
pavement standard

Designed for a specd of 40 knv/h for {1
and rolling terrain, and 30 kb for
MOUNLAITIONS TeYra,

Have a roud width ot 4.25 m

Have o desirable maximum gradient of
&,7% {F2.5% for short distances) for flal
und rolling errain, and 8,396 (12.5% lor

short distancesd for mountidnods e,

P



4.1.4 Establishment Roads

»  One-lune carth tracks used by light
vehicles 1o access new areas for plunting
und silviculture.

+ Can support light vehicles only, and are
genarally more stuted 10 dwi's,

= Designed for a speed of 25 kmdh.

v Mave aovoad width of 2.5 m,

v Have a desiable muximum aradient of
16.77% (25% lor shoet distances). [t
location  should  consider  Tuie  use

winch may require much less gradient.

Figure 18 - A rypical extabilistmnent road

4.1.5 Skidder tracks
o One-lane carth tracks used by skidders

and other forest machines to ransport
felled frees to the landing.

= Only suitable for Jarge rubber-tyred or
tracked machines.

«  Only necessary in sleep lemain where
ground base crews dare working.

«  Cuan be referred to ws contour vacking
with a roated width of 2.3 wetres,

» The maximum side-slepe that can be
sufely lnoged wsing tracks 1s 75%.

+ Often  pot permiticd  due 10
enviropmental concerns, In this

situation, taulers arc used 1o log stecp

lerriin.

Figtere 19 « A pvpieal skidder track

At



4.2 LECONOMIC ANALYSIS

The objective nf this section iy to determine g roading standard which minmmises the ol cost
1 the forest owner. Truck haulage costs for proposed roading options wre combined with an

estinate of roading costs to deternmune the most ceononucul roading option.

The method wsed for econonne analyses 1s the Neo Present Worth (INPW), where all [uture
costs are discovnted to a present day value.  Future costs are discounted because the
conunnunity places a tigher value on costs and henefits wlnch wise in the near future than on
those which arise al a later dale. The discount rate represents the rate at which present
benefits and costs can be exchanged for futwre benclits and costs. Figure 20 outlines the

provess 1nvolved.
Ofen. the provision of raading is determined by lhe need to mmimise the combined costs of

raueling anel barvesting, NPW technigues ace often vsed w justify road upgrading or sealing

For mujer routes,

7



ECONOMIC AMALYSIS

COMZIDER SAFETY

ROADIMNG QPTION 1

ROADING OPTION 2

AVERAGE TRUCK SPEED AVERAGE TRUCHK SPEED
{Appendix A) [(Appendi= A}
MET PEESENT WORTH MNET PEESENT WORTH

TRANSPORTATION COSTS
(hethod 1,2 ar 3, then multiply
iy road lengih)

TRANSFORTATION CORTE
(Wethod 1.2 or 3, then multiply
by read length)

NET FRESEMT W{RTH
ROAD COSTS

MET PRESENT WORTH
ROAD COSETS

MET PRESENT WOHETH
TOTAL COSTS

NET PRESENT ‘WORTH
TOTAL COSTS

ROADING OPTICN 3

AVERAGE TRUCHK SFEED
[Appendix A}

WET PHEZENT WORTH
TAAMNSPOHTATICN COBTS
(hethed 1.2 or 3, then mullipl

ty road length)

MNET PRESENT WORTH
ROAD COSTS

MET PRESEMT WORTH
TOTAL COSTS

CHOOSE ADADHNG OPTION WITH
LOWEST TOTAL COSTS
R
TRY OTHER ROADING OFTIONS

Figure 20 - Eronomic analysis af virious roading options




d.2.1 Net Present Worth of Transpurtation Costs

Use ong of the following three methods to calculate the NPW of transportation costs:

Note: The NPW of rransporiation costs ere calewdared per kilometre of road,
Mudeiply this cost by the length (v km) of the propoved rogd to deterinine the

teeal NPW of transportation costs,

Method 1

A quick method of estimating NFW of transporiation costs by estimaving [yom a chart, This
shoubd only be wsed 11 the pavameters do nob vary (refer to figure 21) andd o rough estimate

onlv s required.

biethod 2

A fonnula to caleulate lhe NPW of rranspoctation costs. This methed showeld only be used 1F

the volume carted per annum is constaat over the life of the road.

Method 3

The waditional merthed of caleulating the NPW of transportation costs by tabulating costs thal
are meurred each year, and then discounting accordingly. This method cuan be used for all

Sl L IEyT S,

4.2.1.1 Niethod 1

The NPW ol ransporation costs can be quickly estimated vsing fgure 21, b only i the
mpuis wsed to caleulate the ransportation costs we the same. I the inpuls are not the swne,
then use cither method 2 or method 3 to calculate the NPW of ansportation costs,  The

averuge design speed can be astimated vsing the procedure described in Appendix A

30



Total Transportation Cost per Kilometre over a 25 year petiod

504,000 =-- Payioad par tiuek = 27 lonnes |
Work days per year = 222 days
Cast par vk per hour = S104
- 1 Discount rete = 191%
Un-loatad rips = Loaded Irps
Wolume pa. g eonsian for
450,000 - 25 years
RAaad is parmangni
00,000 H
- Volume
. [Lonnes pa)
AS0,000 A - -
E 500,000
b Lo (158 hvpoy
E I T
G 3ooo00 - F—-l—— A - | R PN o
c \
e i
< v 400,000
=] t
B - 1128 hwpd)
= 250000 -
b
=
L
=
a
g .
T 200004 -
41
l
o
a
-
=
150,000 H
™ 300,000
i {B3 hvpd)
100,000 1 150,000
' ' {47 twpd)
~— 100,000
i 133 hvpd
50,000 - 1 (eEhved)
— . 50,000
L (18 twpa)
_ T 20,000
Q T r 1 [6 hvpd)

B S 100

Average Design Spesd (kmfhr)

Flanee 21 - The effect of average design speed on Ve Ner Preseis Worth of rransportation

LTy
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4.2.1.2

Method 2

The Tollowing lormula can be used to determine the NPW of transponation cosls per

kilometie over the life of the proposed road. This Formula can only be used if the velume

carled per annum i3 constant over the life of (he road and the number of louded trips is the

sume as the number of un-loaded frips. Use methad 3 10 this is not the case.

wihpere:

- =lx2x£x{:‘x[pwﬂ
" F

T = NPW of Trausponation Costs

-

= The combined avernge lrwek speed of un-loaded and loaded teave! (reler to

Appendix A to estimate the average speed)

Y = Yolume carted per year {tonnes)

P = Average ruck payload (27 tonnes {or on-highway)

C = Trucking costs per hour per truck {100 S/hour, 1995)

pwl = Present Worlh Factor of an anouity of 51 per period for n periods.  Tlis

can be chosen from tuble 2, or caleulated using the formula:

<l i

SRR I

whare:

ko= mterest rae (S5 100)

i = number of periods (years)



Present Worth Factor of an annuity of $1 per period for n periods

Life of Roud [Hscount factor Discount factor Driscount faetor
(veass) af 109% ut 54 at 15%:
l 0.9991 0.9524 0.BG96
2 1.7355 L5594 |.6257
3 24809 37232 22837
4 11699 3.5460 23550
3 3.7908 4.3295 33522
3 4.3353 * 0757 3.7845
7 4.5084 27864 41604
B 5.3349 H.4632 A 4573
o 5.7590 7078 47716
g 61446 79217 5.0188
ii 6.4951 #.3064 3.2337
b2 6.8137 B.B633 54206
b3 7.1034 93036 5.5831
b4 7.36607 9.BOEG 3.7245
b3 T.0061 WO 37T 58474
L6 7.8237 (18378 5.9542
17 BAZ216 [1.274] G.0472
18 8.2014 1].6855 G.1280
19 8.3049 12,0853 6. 1982
20 8.5136 12.4622 £.2593
21 B.6487 128212 6.3123
i 4.7715 13,1630 63387
23 H.8832 | 3.4886 1. 3988
24 3.9847 13,7986 64338
23 L0770 4.093% fr.464 |

Table 2 - Present Wordl Foctor af an apnuity




4.2.1.3 Method 3

The costs incurred each year are simply tabulaied and discounted accordingly. The resulting
casls are summed to determine the NPW of the transportation costs over the life of the road.
Table 3 15 used where the number of un-loaded snd loaded trips ave the same.  Table 4 should

be used where the number of un-lowded and loaded wips differ.

Year | Discount Factor Yol pa {t} Transporiation Costs | Met Present Worth
g pF = i relaxLuonipupn | MV ETHOE
{0 ¥ P
(k L0000
l (9091
2 (0.8264
3 07513
4 (.6830
5 0.6209
0 (1.3645
25 (1.0923
"’LI‘D'I‘AL
Table 3 - Cafcaluting the NFW of transportation costs
where wn-loaded trips = loaded trips
Where:

1
(k)"

oF = Prosent Value ol 5 =

k = interest rute (S8 100) (normally = 10%)

n = number of penods (years)

4.1



v

W

F
C

NPW

= Volume carted per year {tonnes)

= Average speed of bath loaded and un-losded travel, where the loaded traffic = un-

logded traffic (kodlu)

= Average touck payload in tonnes {usually = 27 tonnes Tor on-highway)

= Costin S per bour for a truck (100 $fhour, 1993)

= Net Present Waorth of ransponation costs.

It the nwmber of loaded rips 15 nat egual ta the oumber of un-loaded (rips then add an extra

twir columns w caleulade the un-toaded and loaded costs scparately as shown n table 4.

Year | Discount | Vel pa |Loaded Costs Un-Loaded Transport Net Present
Factor (£} Costs Costs Worth
Copp et |V eaLiEelu sl L x| TEERU | NPWSTXDE
(1.1)" v P v, (-4
¢ 1.0000
! D.Q_DEH
2 [}.8_264
3 (.7513
4 (.6830
3 (G209
& 0.5645
25 (0.0023
TOTAL

Table 4 - Table wsed to calealate the NPW of transportaiion cosis

where the leaded traffic is not eqiel (o the nn-loaded traffic

Nove: § = the percentage of fraffic that is wilooded as o decimad fie. S/100).

-7




Whiere,

vi = Average specd of a lnaded wuek (k/br)

v = Average speed of & un-loaded truck (kim/he)

4.2.2  Net Present Worth of Roading Costs

Culeulating the NPW of roading costs 18 similar to the nrethod 3 above - the roading costs

incurred ench yewr wre sunply tabulated, discounted aceordingly, and then summed.  When

comparing two diflerent roading standareds 4l the same location, the road mamntenance costs

for both options ave likely w be the same, Therefore, fur purposes of comparison, the road

maentenanee cost cun usually be ignored i the same roading material 15 used.

Yuar Discounl Factor Rouding Costs Net Present Worth
1 _# X=C+{M)+ (1) NPEW =X » DF
(.1

0 1.0000 C (.‘

I 0.90%1 M {+R)

2 0.8264 M (+R)

K; 07513 M (+R}

4 (0.6830 M {+HR)

5 (L6204 M (+R)

f 0.3645 M (+R}

23 0.0023 M (+R)

TOTAL

Tuble 3 - Cefendating the Net Present Waorth of roading costs.

Nete: C = Initicd Capiral Cost to Construct Road;

M = Annual Mabirenonee Costs:

8 = Addirional Rehabiditarion Costs if Kequired,

43




Using table 5 enables various roading materials {stabilised, sealed ete) and staged construetion
o be compared economically, provided that the maintenance and construclion costs e

Ko,
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CHAPTER 3 - CONSENT APPLICATIONS
50 INTRODUCTION

Depending on the proposed road construction, a2 Resource Consent niay be required
from the District and/or Regional councils. In addition, 2 consent or writlén approval

may also be required from other aatharities, organisarions or persons.

Everything, from the amount of earthwaorks vequired to the distance from streamside
mandgement zones or witerways, will determine wheiber a Resource Consent s
necessary.  These limits and conditions are set by the loeal auborities, and are

included in thew Districl or Regional Plans.

her detaits - such as access wnd emess onio local and state roads, and the position of
archagological and mistorieal sites - will determine whether a consent o consultation

ts required from olher authorities of organisatinns.

Detailed vequirements for every autharity or organisation cannot be included in this
tnunual, owing to the complex and detatled nature of mony of the consents. However,
this chapler informs you of the {hely path which 13 10 be expected for o rouding

applicution procedure.

Note:  For the purposes of this pablication, “Territorial Authariy”

refers o borh the Districr and Regional Authorities,

5.0 RESOURCE CONSENTS

5.1.1  What i5 a Resonrce Consent?

The Respurce dManzgement Act 1991 (RMA) introduced a new system of managing
and protecting the environment.  Sustainable management of natural resources iy
promoted by the RMA through Rescurce Consents obtainable from  territoriasl

authorities.



A Resource Consent is g document authonsing the holder to use or lake resources

from, or w discharge water or wastes into, the natoral environment.,

5.1.2  Will a Resource Consent be required?

This can be determined from the District or Regional Plan, which are set oul by the
lerritorial authority in accordance with the RMA (1991), The proposed activity will

be classed as one of the (ollowing five types:

Permitted

L ]

Controlled

L

Discretionary

Non-complying

Prohibited

Seme councils require a consenl for even the smallest amount of earthworks, e.g. 2m”
or more, whereas other councils do not require any consents for carthworks. A check
with the relevant territorial authority plan wili determine 1f a consent is reguired, and

how it should be applied for,

5.1.3  Which territorial authority shoutd be applied fo?

Due o the organisation of the territorial authorities throughout New Zealand, 1t is
oiten difficult 10 determine which autherity is to be approached for the purposes of
obiaining a resource consent.  When considering a roading proposal, the best ideu
would be to consult with the appropriate authoritics o determine the consents which

maty be redquired.

5.1.4 What activities usnally require 2 Resonrce Consent?

Resource Consent may be required for the foflowing activiiies:
» Farthworks

+ Removal of vegelation



= Agpregale extraction from rivers o guarries

= Diverting water runoff into streams and rivers

« Stockpiling of speil and wuste material

« Erectingfinstalling stream and niver crossings, including semporary

river diversion for the purposes of installing a bridge, culvert etc.

Discharge of contamimnants into the air, land or water

52 OTHER CONSENTS

[t would be wise lo consult with the following organisations to zet their input inio

who may be interested or effected parties.

5.2.1 Transil New Zealand

5.2.4.1 State Highways

Any new access ontoe a state highway will require permission trom Transit New

Zealand who will be concerned with:

« Highway sccesy design-murking and signage

o Visibility from the access

+  Visual distructions (advertising signs cte.)

+ Landscaping and vegetation which may cause obstruction, shading
or otherwise lmpeir visibility

« Glare from lighting

o Traffic flows expected

Transit New Zealand has developed 3 guideline document to help applicants assess
the effeets of their seuvity on the state highway netwolk. A copy of this document,
Highway Planning Under the Resource Managentent Ace 1997, 15 availuble from all
Counci) and Transil New Zealand offices, and it should be eonsulled when preparing
vour consent application. Scetion B, Effects of Access on Safery and Efficiency of the

Stare Highway, and Sectwn 13, Effects of Glare undd Lipht overspifll, are the most

4



relevant to forestry roading.  Tor more complex applications, you may need
professional assistance from either resource manageinent s survey or engineering

consullans, or kegal advisers.

When applying for approval {rom Transit New Zealund, your application should

include all of the foilowing:

» A detailed description of the proposed activity, including expecied
traffic penecation

o Locality and site plans to scale showing :

- buildings - location of side roads
- aeCess - distance 1o roadside

« driveways - S1gnage

- parking - weeess visibility

- topegraphy - landseaping ele.

« A [ull assessment of the effects on the highway

= A copy of the relevant Certificate of Title.
5.2.1.2 Local Roads

Dhiswict or Regional Plans, aveilable {from your temritorial councl office, will advise of

any policies and rules or guidehnes regarding activities affecting iocul roads.
I partiewlar, they will be coneerned with:

« Total pumber of naffic movements
s Effccl on intersections

» lmpact on road pavements

5.2.2 The Historic Places Trust, and Local Maori

Historie Places Trusts may require o consent application, and local Maori may require

consultation it construction involves either crossing or clesring lond on or near:



» asite of significance to Maor
* a historic places site

» an archacological site

Under the Historic Places Act (980 i is an offence to destroy or damage an
archacoiogical site or a site with important historical or waditional values. This At
refers to both land and buildings. Territorial authorities vsually register such sites in
their district scheme, however, sometimes archiacalogists or historians may need to be
employed to correctly identify and map amy relevant sites, since not all sites are

recolded.

Contact:
Planning Officer with your District or Regional Couneil, specialised staft in the

Departinent of Conservation, or stuff from che Historic Places Trust,

5.2.3 Department of Occupational Safety and Health (OSH)

OSH niy bave regulations and suidelines dealing with;

Road width

Road Grades

*

Construclion activities

Read surfacing

See the Furest fndustry Approved Code of Praciice, Safety and Health in Foresr

Operagions, which was under development when this manual was produced.

524 Foresi Company (If relevant)

s May have m house operational requirements affecting:
» Environmental

» Planning/Operational

51



v Safery

o Geometry

5.2.5 Fish and Game Council, and Depariment of Conservation (DOC)

The Fish and Garne Council and DOC will be concerned with stream crossing design,
and restricting walerway contamination, n order w protect fish pussage up or down

the stream. They will provide guidelines lor protecting:

« Flora and fauna habitat
= Fish spawning habnitat

s Snil and water values

Noier Before the proposal is submived to the District or Reglonal
coeild, the above aquthorities und organisarions showld be convulted.
This will speed up the consent process, and preven! any uanecessary

delays or unwelcome surprises.

When dealing with any of the above authoriifes or organisations it iy
cfviveehie to obtain ol decisions fn writing, and to keep copies of oll
correspondence. This will ensure g backup if a dispute occurs during

Fereted contstrietion,

Meny of the above requivemtents are controfled and regulated by

vartous fegislation.

5.3 WHAT INFORMATION IS REQUIRED FOR A RESOURCE CONSENT?
(See alse Appendix B)

When approaching a councik or other authority for 2 Resource Cousent, a professional
presentation witl ensure that the application proceeds smoothly. A Resource Consent

application ot nclude:



»  An assessment of actval oo poteatial effects that the activity inay
have on the environment, and the ways in which any adverse effects
may be avoided, remedied or mitigaled.

= Alocation plan

* Who you have consulted, and their comments, if any

The application form will generally ask for the information needed by the council in
deciding whether to approve your application.  However, you may be asked to suppiy

further information during the process of considering your application.

Full engincering design drawings and caleulstions are often required for Resource
Consents. These drawings will show the quantity of carthworks required as well as
olher engineering measurements and quantities, They will also dermnonstrate to the
council the advanced level of plunning used. Often council staff will not need to visil
d proposed roading site o approve a consenl.  Engincering drawings and computer

madelling are covered in chapter & of this manual.

A job description or prescription outlining all propesed construction operations should

be provided with the road design. The following information maybe required:

* Earthworks quantities

« Vegetation removal {quantity, type, and method of removal}
» [ateer slope prades

+ Runoff cxpected and dromage swaciures

« Erosion control structures of bater slopes

* Stream crossings {nuimber, type and size)

= Silt waps and other sediment conwol measures (if required)
= Soil types

»  Agoregate extraclion {guantity and location)

*  Any temporscy construction works necessary

» [and slope and contours

s Copstruction methods

53



o Timing of works
» Construction technigues (1.e. endhauling vs sidecasting (see chapeer 7))

+*  Any problems that may be encountered, and their solutions

54  TERRITORIAL AUTHORITY CONSENT PROCESS

Figure 22 demonstrates the usual consent process required for obtaining o consent
from territorial authgrities. Two avenues of application are shiown, nerificedion and

mon-netifivd, The territonal auwthority waill deteemine which path you follow.

Councils bave strict time limits that are followed for various aspects of the resource

consenl [rocess.

The time period bewween lodging the application and the notice of decision is
approximately one month for non-notified applications, and 3 Months or more for

netificd applications.

Any request by the council for further information awomatically “stops the clock™ on
the process until the information is provided. This can significantly lengthen the time-
frame, but it can be overcome by ensuring that adequate information is provided at the

outsel. See table 6 for a detailed breakdown of time frame for o notified application.
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PROCEDURE COUNCIL TIME-FRAME

Resouree Consent Application submitted | Council acknowledges receipt of consent

within five working days

Counctl notifies spplication and sceks Within 10 working days of receiving the

submissions complete application

Submissions close Within 20 working days of public
noufication

Hearing of resgurce consent application Within 23 working duys of the close of

(L required) submissions
Couneil's decision Within 15 working days after hearing
Appeal to Environment Court Within |5 working days of notice of the

counclls decision

Envirenment Court decision Commonly §-12 months alter the appeal

is lodged

Tuble & - Time-frame for Resource Consemt Applications

o deading with the pracess of obtaining 4 Resowree Consent it s advisiable to start the
process well before the construetion is due o commence. Two years or more can be
reguired for consents which require notification ar consultation, or those situated m a
senpsitive ares.  Some applications can take extra ame i public submissions and

obijectiony to the project bave to be worked through,

54.1 Confrolled activity

A controlled or discretionary activity, #s outlined by the local authority, will usually
ot tequire public notification, and a Resource Consent applicalion ¢an be deait with
guickly by the local authority. This type of discretionary activity may net even requile
consent, but it may have some conditions associated, such as limiting construction

through a sensifive site,

Sa




5.4.2 Non-controlled activity

A non-centrolled sclivity will require public notification, which usueslly involves
notifying the local residents who may be directly affected (this can inclode Transit
New Zealand and Tranz Rail). In addition, a submission calling for the general public

to express their views must be displayed in the lecal newspapers.

543 TResource Consent Implementation

The RMA requires consent holders o initiate their work within lwo years of the
consent being issued. 1If this is not complied with, the congenl lapses and is no longer
vulid.  However, an application 1o extend the lapsing period can be sougin {rom the

council,

Each consent may have varying terms, depending on what the consent is for. The

term of 4 consent cannot be extendad, even by application, For example, a stream

crossing consent may be for 35 years but an earthworks consent may have a term of

only Lwo vears.
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CHAPTER 6 - LAYING OUT THE ROADLINE

6.t INTRODUCTION

This chapter describes how to plan a road location on a topographical map, and locate s
posttion in the ficld for construction. There are alse sections which explain geometric road
design, how to check for adequate sight distance, and the seiting out of 4 designed rowd for

construetion.

The flow churt in figuee 23 shows procedure which should be followed when planning and
setting out a4 roadhne in the ficld, The sight distance section (6.4.4) may be used sepawately
when checking for available sight distance on existing roads.

6.1  PLANNING

The furst step in harvest planning is 10 locate the landings, since their posttion 15 crtical
ensuring an efficient harvesiing operation. It is then gssumed that the start and end poims of
the roads are known since the positions of the landings have already been planned. However,
there may be occasions when it is not possible to get a road w a proposed landing at a
reasonable cost.  In this situation, the landing position will need to be changed. or an
alternative harvesting system used {&.g. two staging).

#.1.1 Terrain Information

Terrum information is vital to read planning. There are several sources that arc used in

combinatlon:
Freld Worft

There is no substitute for a physical inspection of the road settings. A first visit should take
place before any detailed planning waork has begun.  The visual image gained from this
inspection will make the interpretation of acrial phetographs and maps much casier. The site
should also be re-inspected during the planniog process (0 check the feasibility of any
propasad rouds.
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Aerigl Photographs

Aeral phoographs taken without extensive ree cover are vsed to show visible ground
features, such as bIulfs, swamps, and soitable stream crossings.  Stereoscopie 1mages, if
avnilable, are an ideal aid for locating suntable locations for reading. However, although aerial
photographs show ground features in their relative positions, they do not allow accurare
determination of areas or distances unless calibration measures are taken.

Topographical Maps

A topographical map is belpful in detennining the feusibility of a proposed roadline. The
roadling can be stepped out on the map at a known grade (rom o stait point to a finish point.
Section 6.1.3 describes this procedure,

6.1.2 Initial Field Work
Knuwledge of the ground features is an cssential part of locating a road.

Any featurey (either good or bad) of the topography and ground conditiens which will affect
road construction should be noted on the map.  Use aerial photographs and any other

information which will 21d in determining locations that do not tavour road construction.
Locate and mark on the map and areas which do not favaur road construction, e.g:

» Rock bluffs

» Ponds and lakes

» Excessively steep lerrain

+ Lnstable souls

s Slips

= Swamps

+ Environmentatly sensitive arens
o Culterally sensitive arens

Adso, locate and puwk features which will favour ccononucal construction.  These can be
mavked as possible control potnts {points which the read must pass through):

* Reasonable side slopes

+ Desirable stream crossings
+ Saddles (passes) in ridge fines
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»  Arcas suitable for switchback construction

¢ Start and finish points (junctions and luadings)

Afler a field inspection of the arex, the roadline on the mup can be re-worked either back at
the office or while in the field. Careful aiteniion rust be given to ensure that the road Js
locaed in favourable arcas, and not in areas which woutd be too expensive and diffteuly to

reracd.

Figure 24 shows a roadline marked on a contaur map, with cootrol points at A, B, C and D.

6.1.3  Stepping Out A Roadline On A Topographical Map

This 15 a uselul technique for testing the feasibility of a readline of a given average slope. The
averape slope in steep terratn s usually the maximum grade that 4 logging truck can suslain
aver long distances. Typically this grade is 10%, but it can range from Dat to as high us 16%
far Mavourable grades (20% is the maximum legal grade). It is better to make the grade stoeper
on straights and considerably Maiter on the curves giving an undolating grade (i.e. where
steeper and tlatter sections alternate) rather than to have a sustained single grade, Also,
consider the seasen{s} during which the road will be used - during the winter, the road may be
slippery, and the adverse grade may need (o be kept below 10%.

The procedure for stepping out a roadline is:
1. Mark known conlrol poinis on the map

Caontrol Points are points which the road must pass through {see 6.1.2) they include:

The start point or area (usially an existing road)

The finish point {lancding)

L ]

Any known stream crossing sites

»

Any other points thal the road muost pass through {(e.g. other landings)
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2. Determine an appropriate grade

Use cithar:
» Muximun grade for steep terrain {c.g. 10%:) or
* The average grade between adjacent control poiats. This can be caleulated
using the foliowing formula:
6= l00x{f, =K, ]
IJAJ‘J
Where:

G is the average zradde becween control points A and B (%)
s, Ep are the elevations of A and B
[Dag is the distance batween A and B

fh
e
SCALE=1:8000

Figure 25 - Measuring distance on @ topographical map.

The elevations of the control points are estimated from the contours on the opographical map.
The distance between the conlrel points is measured with a ruler on the map, and then the map

scale is used to determine the actual distance. Alternatively a scale rule can be used, and Lhe
distance read directly from it

Note: ff & = Maximum prade (e.g. 10%) then wse the maxinum allowable
grode,
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Example {see (zure 23)

The elevation of control points A and B are read from the topagraphical map as: B, = 240m,

Eg = 270m. The distance between A and B s measured and scaled as: Dag = 495m. The

average grade can then be calculated:

G

100 (270 — 240)

495

=6.1%

Table 7 can be used w convert between the different methods of measuring grade,

Porvent linx Degrees
0o 110}
(1.5 2000 3
LU 1000 1.6
|.5 607 0y
20 .0 L.l
25 40.0 .4
3.0 333 L7
3.5 8.5 2.0
41 250 2.3
a4 727 2.8
34 20,0 - 24
3.3 1¥.2 3.l
6.0 15.7 34
6.5 154 i
T4 (4.3 440
1.5 13.3 i,3
3.0 12.5 4.0
3 LL.E 4.4

Pepcent linx Deprees
4.4} L] =N
9.5 L0.3 5.4
10.0 1£).01 57
0.5 &5 3,0}
[1.0) &1 .3
[1.3 8.7 6.6
2.0 8.2 5.8
12.5 5.0 I
3.0 1.7 7.4
|35 1.4 13
4.0 7.1 ®.0
14.5 ) B.3
[4.40 67 )
1,5 {3 [
L&.0 6.3 9.1
16.5 f.] 9.4
17.0 5.9 9.6
17.5 3.7 0.0

Tabie 7 - Grade relationship-converting percent 1o degrees

3 Step vut the read hetween the control points using dividers

It i aften sensibic recommended o start from the log [anding at the end of the road and work

backwards, since the log landing is uswally fixed but the start of the roud (usually an

inlersection with an existing road) can change.
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Set the dividers to a distance which will achieve the required grade betweesn adjacent
contours, Thas distanee 15 given by the following formula:

D — DI’."r-u.' * lDD,ﬂD‘D
Divdecr {G » X}

Where:

Drjeiger 85 1he spacing that the divider is 1o be set 1o (min)
Dy 18 the map contour inlerval (m})

G is the average grade dewcrmined in step 2 (%)

X is the map scale {1:X)

The dividers are then used w step out 4 trial read between the two control poinis. Starting at
the mwost critical contrel poiat e.g. the landing #t the end of the road, step from one contour 1o

the next until vou rexch the end control peint.  Sketch the roadline along the points that were
matked by the dividers on the contours.  Figure 26 illustrates this process.

drm Ahom
A
SCALE=] §I0D

™ H‘\\

Figure 20 - Uring dividers to sfep out o roadline.
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There are cases wihere the grade needs to he made flaler by drawing the roadline by hand
paraltel 10 the contours, these are listed below:

s (Crossing streams (098)

v Crossings saddles (0%)

o {Crossing sullees (0%)

s Uhncurves (use 096)

= Around tight ridges {0%)

= Approaching landings and road intersections {<6%)

Plolting a roudline on the topographicul map ts only an initial step (o cosure that the proposed

road is feasible. This roadline must be checked onsie, re-marked on the wpographical wap,
and then correctly set out in the fleld by running a grade-line.

6.2 RUNNING A GRADELINE

Points wre marked on wrees or bushes approximately 20 metres apurt at eye level to dennte the

finished road centreline along a chosen longitudinal gradient.

Equipment

Gradelines can be set with an Abney Level or Clinometer (figure 27).

1 s

Figure 27 - Abney and Clinometer used to medsure slope Detween conirol points

e



Marking a Gradeline

Ribhon tied around trecs and bushes at eye level should be used In preference 1o paint, since It
15 more permanéent and casier 1o see,

A two-man party for gradelne installation is uwsual, but it can be done by one persen
(however, salely implications must be recognised) see (iewre 28,
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Figare 28 - Marking a pradeline

With & two-man party, the Abney man starts by sctiing a ribbon at eye height on a tree or
bush, and sending the second man ahead about 20 metres inline. The directien to the next
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contral point can be established from a topographical map containing the marked roadline.
The Abney man directs the second man to stand next to a wee which is nearly on grade, und
wihnch is hkely io be marked, This man holds out somie ribbon at the eye beight of the Abney
man and, at his dircction, moves up or down (he sideslope until he is on “grade”. When he is
on grade, he attaches the ribbon 1o a acarby tree or bush at this elevation. This procedure is
repeated until the srart and Ainish conlrol poinds have been joined.

[f only one person is available, gradelines can be set by pacing ahead of a prade mark, tarning
around, and then moving up and down the sideslope untl the abmey sight is on the grade
mark. At this point another grade mack is set, and the procedure is repeated until the desired
control point is reached.

Ditficulties in maintaining a grachent can occur when:

» adjusting the gradeline to accommeodate an intermediate control point
v crossing a steep hollow or draw
« poing around a long sharp ridge

= conbineing around & switchback

Procedures o overcome these problems are presented in Appendix C.

6.3 ROADSURVEYING

Where a full voad design is required (see section 6.4), the read will need o be surveyad by
conducting a traverse survey, and raking cross-sections al regular intervals, so thal a plan,
lengitudinal section and cross-sections can be produced.  There are many variations in
methods of road surveving, and in the setting out of 2 ficld book which mostly depend on
personal preference or established formats. One method of a standard forest road suivey is
outiined below.

Equipment required for surveying {figuve 29}

Cloth (fibveglass) Tape

Suunto (or Abney), or simitar clinomeler

Conpass

[eld Book

Spray Paint andfor Ribbon and Waterproof Maiker Pen
Stakes (optional}

Sledge Hammer {oplional)

et



Fipure 29 - Typical surveying equipment

Before beginning the survey, It s important that the gradehine has already heen cstablished, or
that an approximate road centreline has been marked, This ensures that the road survey line is
reasonably close to the Hnal roud location which will reduce cirors and problemys when

designing the roadline.
The surveying process involves:

« Establishing stations atl approximately 20m intervals aear the proposed voud
centreline or gradeline (road cenueline will move left or nghe after
geametric design). Stalions should alse be placed wherever there are any
hollows and ridges. Stakes can be driven, or the nearest avallable tree
marked as a station, These stations ace labetled [,2,3.. ... etc. {or any other

convention can be used i.e. distance) for future reference,

« ‘Taking und recording compass bearing, slope and distance from station 1o

slation.

4
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» Taking and recording cross-sections, hy measuring slope and distance either
side of the station,

Slope can be measwred in either % or degrees depending on the instruments, and road design
methods (soltware) used. Some design packages can only accept degrees, while others can
only aceept . Downhiil slopes are recorded as negative values.

The slope and distance of side-shols {cross-sections) can be measured fvom point to point, or
from a change point to point (figure 31). Point to point is where the surveying “leap-frogs” 1o
the next point to tuke & measurement, while change point to point 18 where the Surveyor stands
in one position 1o take several side-shots. The choice depends on the easiest method in the
ficid, and also on the road design software that will be wsed. The number of side-shots taken
is ¢dependent on how many shots the road design software can accept, as well as the number

required to adeguately represent the ground surface.

[
Establishing
Eve Levei
| .

- | -

| B Faresight i

! packsioh! sib | — Brg= 343 deg 2l

| gz 17680 . P_J%L’ Sfapes 4% T T
L I E_ELUTPEE L) !‘ I Dist= 11.6m o -
T N L — ——— g o ~
: R ey | Sy

Figure 30 - Taking and recording sfope, bearing and slope distance detween survey stations

Note: Trees con be replaced with pegs

It s important to realise that the survey stations are nol necessarily the same as the gradeline
marks {which may be used just as 2 guide). The survey stations represemt changes In
wpography, and it is common to push stakes into the ground to vepresent survey stations,
rather than 1o use ribbons on trees. The skakes can be casily distinguished, and placed where

Y



needed rather than having to use a nearby tree.  Also trees are often felled before road

constriciion, and, any ree marks are therefore lost.
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387 deg (176 clen)
+11% (-12%)
15.8m

()

figure 33 - Typical field book selout.

With experience, the ficld book can be set out using colomms of numbers v speed up the
process (table 8}, However, a common mistake 1s o miss oul the negative sign {or a downhifl

slope, which could po uanaticed withuut a skeich of the cross-scetion, Tabular methods are

—r’

"y

recommended only for experienced survey crews.



Cross-Sections

Stn| Brg | Slope | Dist LHS RHS

11

37 | 1% | 16.8m

(178) | (-12%)

12 CP oP| CP

343 | 4% |11.6m 61% | 64% | 31% | 0 |-16% |-72%|-42%

3.8m|686m|3.7m| O [863m|4.3m|6.8m

13

Table § - Typical freld book selout using columna,

fd  GLOMETRIC R{AD DESIGN

Greometric mad design 1= the combination of horizontal and vertical alignoenis (figure 34)
which are designed tor safety, speed and munoeuvrability, Engineering drawings and coslings
cian be produced for setout and earthwork quanditics.  Consideration should be given to
determining the appropriate toad standard {see 4.13, which will give roud width and design
speeds for the venicul and horizonrtal alignment. When a design speed is cited, it means that a
vehicle can travel at that speed without being exposed (o hazards arising lrom inadequate
sight distance, inappropriate superclevated curves, severe grades, or read widths that we too
narrow. The design speed is the speed which 86% of vehicies do not exceed.

The process of geometric road design is more efficiently achicved using a speciafised voad
design sofltware packuse. Some exaniples are ROADENG, GEOCOMP, LUMBERJACK,



and SDR Mapping and Design. These packages cun be used successfully ouly by peaple who
understand the longhand method of road design.

There are g number of advantages for undertaking a full geomeiric road design:

= The proper engincering design of Forest Roads cun roduce costs and the risk of road

failule.

» The forest owner does not need (o rely on guesswork 10 ensure that the read reaches the
required destination sl an acceplahle gradient, and with suitable corner rudhus,

o [ ahe road is designed and setout correctly, the situation where 3% of the road s
constructed, and the remaning 253% cunnot be completed at bess than the desired criucal
arade showld nol oceur,

=« Road costing can be more accurate where there are engineering drawings and earthwork
quantitics available.

+ Roading contracts can be let on a unil rate {e.g. per metre of road constructed) rather than
on an kouarly rate.

o A mistake n the final road construction may be able to be checked against the setout pegs
to determone where the fault hes - (with cither the contractor or the designer
SUIVEYCIENgLOCEr).

* [etler decigions can be made as to whether or net a road is feasible in marginal locations.

= The design sottware can assist in minpimising eut and fil} depths.

¢ A full enpineenng design has an advantage for RMA consents, particularly where these are
limits on butter lengths. Tt can also demonsirate the advanced level of plunning used,

= YWhere the road is designed and pegged accurately, a corndor can be marked to fell only the
wrecs that are pecessary, thereby minimising the nomber of trees to he lelled.

Road location can be oplimised within 1be survey corridor,

It is impoctant to realise that computer road desigh sottwie packages are oaly a wol o assist
the designer. The design packages do not gutemeatically produce a design which will work
and will mimmise earthwork guantities. The final design is only as good as the uwser's
expertise in geometrle road design - a sound knowledge is requited of how combinations of
gyade and curve radii restrict truck manoeuvrability. If the designer does a0l undersiund the
road geometry and design parameters, then it is quite possible to design a road that trucks will

be unable to negotiate,

The following sections include guidelines on the minimum requivements for a highway legal
luggmg truck. Other off-highway vehicles (2.g. double and treble bailey units, and full tree
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length cartage} may requice special roading requirements, such as larger radii, increased road
width, and flarter gradieots,
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Figure 34 - Horizontal and vertivel afignments of a road designed using GEQCOMP

ILis important to realise that compuater road design software packages are only a tool o assist
the designer. The design packages do not aqutamatically produce a design which will work
and will minimise earthwork guantities. The final design is only as good as the user’s
cxpertise in geometric road design - a sound knowledge is required of how combinations of
grade und curve radii restrict trock manocewvrability. If the designer does not understand the
road peomelry and design parameters, then it is quite pessible to design o road that trucks will
be wneble to negotiate.

The ollowtng sections include guidelines on the minimurm requirements for a highway legal
log truck., Other off-highway vehicles (e.g. double and teble bailey units, and full trec length
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cartage) may reguire special roading requirements, such as larger radii, increased road width,
and flatter gradients,

6.4.1 Road Cross-Section

Apprupriate road cross-sections need to be determined 10 establish the road temnplates (i.c. the
shape of the new road) figure 35, The road cross-section {or template) may be different for
various sectians of the road, for example, the cut slope can change depending on the material

in the tullside, or additienal widening may be required on corners,

The major cause of road deterigration is water entering the pavement. This is commonly due
Lo the road surlace having insufhicient side-slope (cross-fall) or the drainage ditehes being oo
shallow to clear the water away from the pavement. Sufficient cross-fall (4-6%) should be
pravided to allow easy run-off of surface waler, which will help prevent potholes irom
developing. For a two-lane road, the cross-fall should always meet at the cenere of the road,
producing a crown. For a single-lane road, it may be casier for maintenance practices to have
the cross-fall slope one way, rather than producing a crown,

The amount of eross-fall desirable for heavy velicles on steep gradients is very low, therefore,
the actual cross-fall selected may need 1o be o compromise between that requived for drainage,
and Lhat suitable for heavy vehicles.

'x.._,./'



L Formation Width

Cut Slope
1:g
Fill Slape
1:f

A
Waler Table

Depth, D
Slope, 1: d

Fpad Template with Mormal Cross-Fall

Foad Ternplate for Righl Hand Tumn (Following the Suryvey Direction)

Fipure 15 - Standard roed cross-rections (templates)

Explanatory notes for lgure 35 follow:

Cut Slope: 1:c - The slope specified is less than or the same as the maximuem stable slope
which can be autained. This is very dependent on soil type and [ocal conditions. A good
indicator is existing cut slopes on other well established roads in similar soif types.



Fifl Stgpe: 1.1 - The fill slope, when used as a road foundation, is vsvally §:2 but can be as

steepas 1113

Water Table: Depth (D) is dependent on local conditions, but i usvally 0.6 m. Slope (1:d) is
about 1:2. See Chapter I for more detailed design,

Formaiion Width: This is the [ull construction width, and uwsually goes at least 0.6 m beyond
either side of the agprogate width (or carriageway width).

Superelevation, § 9e: This is the slope of the road surface (for the whole road width) provided
ab curves, o decrease sideways forces when cornering. For low speed forestry roads,

superelevation 15 not usually used.

Cross-fall, C %: This is the slope applied on the road 1 aid in shedding water, and should be
applied to all rouds.

Curve Widening
Additional widening at curves may be requircd to cater for trailer off-tracking (figures 36 &

37). Curve widening is necessary to ¢liminate the impact that off-racking wheels will have on
road showlders, and to improve salety.

Fipure 36 - Trailer aff-tracking on @ chirve
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Figure 37 shows the additioral curve widemng required for two different truck configurations:
e Off-Hiphway Double Bailey Unit

This truck confisurztion is not permitted on public roads, but operates on private forestry
roads. [ another trailer is added to this cenfiguration - to give a treble unit - there will be a
significant {further increase in curve widening required.

¢« On-Highway Bailey Bridge

This configuration is Lthe one of many that can be legally used on New Zealand public roads.
[t was chosen to represent the legal configuration with the greatest tealler off-tracking.

6.4.2 Horizoutal Alignment

[ werms of safety, 4 consistent alignment which provides no “surprises™ for the driver is nore

important than an absolule design speed standard, The coordination of horizontal and vertical
SEOMmetry is inportant 1o ensure:

v safely and visibility
v good raffic flow

e desirable visual impact

Figure 38 shows how different curve radii and values of superelevation affect the design
speed.

Alernativety, the minimum radivs (Ryin) required for 2 given design speed and superelevation
cun be derived lrom the following formulu:

4

kY
= 127(n+ [}
whers:
Y = Design Speed in kmdhe
o = Superelevation (m/m or %/100}
f = Coeflicient of friction (use 0.08 for gravel roads)

The design speed (V) is determiped by the desired road standard (see section 4.1} and the
rrai.

&



The superelevalion {n)} 15 the slope of the road swiace (figure 35) and is expressed us a
decimal. A maximum of 0.0626 (6.26%) is appropriate for logging trucks. Fur speeds of less
than 26 km/hr, superelevation is not needed and normal cross-Tall is used.

Additional Curve Widening (my)

Additional Road Widening Reguired on Curves

S e B O A O T A O B

Off-Highway Double Bailey Unit

- “'_._ _ _I__ o -!'l|‘J
o 'i"T‘“"{.}cﬁ oG
b.5a 195 455 5.7 i
Kol b= - :.»1
29 matres II
- ="

RN
| ¢ On-Highway Bailey Bridge .

e —] 122
| 3

o= A

|
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Figure 37 - Additional curve widening veguired for a off-liphweay cond on-highway log treck.
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6.4.3 Vertical Alignment

Table 9 recommends the grade limits which should not be exceeded for curves of different

radius, They apply to New Zealand on-highway legal log trucks, and are a guide only.

Horizontal Radius {m) Muximum Grade
Adverse (%} Favourable { %)
16 ta 26 m 6.8 % 1.0 %
26 10 40 m 8.3 % 10.0 %
40 to 60 m 1000 % 1.1 %
=00 m 0.6 % 118 T

Table ¥ - Recrnnmended grode Lindes

Note: where adverse grade represents the maximum grade of a loaded log
trock travelling up-hill and fivourabfe iy the maximum downhill grade af a
louded fug truck.

In addinon, it s recommended that within 6 m of intersectiony and landings the grade should

be less than 6%,
6.4.4 Sight Distance

Allowances may need 1o be made o the cross-scction, the vertical alignment or Lthe horizontal
ulighment 1o provide adequate sight-distance to allew adequate stopping distance in an
emergency (espeeially on one-lane roads with two-way traffic). The following shows how o
estimate the sight distance avaiiable, and hence the required stopping distance.

Sight distance is limuted by either the vertical or horizontal alignment.  Sight distances are
calculated from both alignments and the shortest of the two distances is the limiting factor,

The process invoives calculating the sight distince on a crest verhical curve (section 6.4.4. 1),
or on a corner (seclion 6.4.4.2), and then comparing these w the safe stopping distunce
required to aveid a collision (section 6.4.4.3). If the sight distance is less than the requived
stopping distance, then cither the design must be altered, or other provisions must be made o
prevent a accident.
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6.4.4.1 Sight Distance And Vertical Alignment

Two different formuolae are used o caleulate available sight distonce on a crest vertical curve
(figure 39):

b, If 8 <« L (Sight Distance < Vestical Curve Lengih):

T 2A
2, If § = L {(Sight Distance > Vertical Curve Lenath):

Sﬂ@

where:
8 =Sight distance {m)
h1 = Height of eye above road {m)
b = Height of object above road {m)
C =200(/Al + /3|
L = Vertical curve length (m)
A = Difterence in grade {G1-02) (%6) (Note: that G2 {5 negative if downhill)

The recommendsd sight distance {Auvstroads, 1993) i caleuluted for o car approaching a
stationary object on the road (e.g. a fallen vee), where:

hl = 1.19m {eye height of driver in car)
h2 = 0.2m (height stationary object above the road)

Flzure 40 can be used to estimate the available sight distance, or the formulae abave can be
usced for specific heights of driver and object (2. g, for a truck approaching truck),
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Seuree: ARRD 1953 Unsealed Rowls Wanual Guidelings w Good Practice
Fipure 39 - Sight distavce on o crest vertical curve

6.4.4.2 Sight Distance And Horizontal Aligninent

-

Figure 41 shows how an obstruction (such as a cut slope) can affect sight distance.

The following formula can be used to ealculate the sight distance, or figure 43 can be used w

estirmale i

i3



Sight Distance (im}

Sight Distance on Crest Vertical Curves
{h1=1.15m & h2=0.2m}

240

220

200 T—-

e
o

Algebraic Dilference in Grade, A = 4%
| ' ' ’

184

160

144

120

100

|
|
L

B T T

N I S

S0 a0 150 2040 250 260 350 4aa 450 S0n
Veriical Curve Length (m}

Sorerrce: Austroads |993 Rural Boad Pesigh

Fignre 40 - Sight distance on u crest vertical ctirve.
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Sight Distance (0}
Calculated Along Circular Arc h“:\z

Cross-Section

Figure 41 - Sight distance on o hovizontal cirve

Wheve:

bl = Height of eye above road (n}

R = Radius (m) (can also be estimated in the field using the formula below, tigure
43)

D = Sight distance (m)

O = 0Offset (i)
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Figure 42 - Cafculating the curve vadius

6.4.4.3 Calculating The Safe Stopping Distance

The deceleration values are those recommended by Austroads {1993), and the reaction Lime is
assumned to be 2.0 seconds. Using thase figures, and the following formula, the required
stopping distance at various speeds is shown in tzble J0:

S=vi+ A
2a
Where:
) = stopping distance (m}
¥ = mitial velocity (m's)
t = peaction time (2.0 secs)
i = deceleration (mfs™)

A



Sight Destance, D {along circular arg) [m)

220

Estimating Sight Distance on a Horizental Curve

i
]
..... - -

[ I - T T T 1 . IO LB 1 ST I - /S S R = N N - B N (1]

OMfzet From Obstruction, O {m)

Souwree: Auwstroads [893; Rueal R Design

Figure 43 - Estimating sipht distance on @ horizoatal curve,

G



Initial Speed Deceleration Stopping | I'wo-Way Traffic on Onre-Lane Roads
{km/hr) (g = 9.81 mjs%) Distance (Stopping Distance is Doubled)
] (.62g f 13
20 0.62g 14 28
3 0.62g 23 47
) 0.62g 34 69
a0 0.62g 47 03
60 0.438g 63 126
70 0.46g 82 163
a0 0.43g 103 206
y 0.4ig 128 266
100 0.39g O 313

Table 10 - Stopping distance required to avoid a callision

(decelerarion values from Austroads, 1993}

For safety, the sight distance available (from 6.4.4.1 and ©.4.4.2) needs to be greater than the
stopping distance required. [F the sight distance is less than stopping distance, then either the

design needs to be changed, or cther sieps must be taken:,

« Possible changes to Vertical Alignment (in order of preference)

1. Re-design the verticad curve - make the verticw] curve length longer andfor reduce the

grades.

2. Widen the road o two lanes, and place “keep [eft” signs.

R
'

Pluce a warning sign ta reduce traffic speed (e.g. 30 km/hr restriction)

o Possible changes to Horizoniaf Aligrinent (in order of preference)

I. Re-design the horizontal curve - ingrense the curve radius.

[

vegetalion,

. Clear the edge of road (o increase the sight distance - widen the cut bank, remove trees or

3. Widen the road to two lanes and place “keep teft” signs.

4. Place o warning sign 10 reduee traffic speed {e.g. 30 kov'hr restriction)



Having made some chanpe(s), the sight distance sheuld be re-checked against the siepping

dislance.
0.5 SETTING OQUT TIHE ROADLINE

Al the very least, the road centreline {or the gradeline) will be marked, and after the trees have
heen cleared, the road centreling may need to be re-established,  In this siuation it is
ienpertant to have un cxperienced roading contracter, and 1o provide adequale supervision to
ensure that the road is constructed w grade.

The scale ploL of the cross-sections 13 commonly used for scloul. Meusurements on Lhe cross
sections are simply scaled tor setting out. Figure 44 shows typical cross-section outputs from
a road design software package. A typical method of serting oul the road is shown in Agure
45,

A BaA.S | I T gmar
b13n l:
: : . 150
'L_ 145 :

— _
[- , b 145
o140 ' - g !
: P _ :
. - i
1< T !
- R 135 S e :
fo1a0 - :
8
§ — 180 |
'l:_125 | I
i 125
120 - !
i " 120 '
v .
— 2 i = " - | ¥ i & u Z !
i..= '::. -|:||| Ll ||"-|-Ll-|l||||! ' !
| 18 H.qir X

Figure 44 - Typical cross-sections generated in ROADENG version 2.0,
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,Top of batter
: _~Survey station 16

Toe of fikl

Cut and/or Fil

Motas: (i) if there is no fill, the downhill peg is unnecessary
() survey station is nat necessarily the same as a gradeline mark

1. Offset pegs from the top of batter and/or toe of {ill by using standard
tables, road design cross sections, or batier staking tables

2. Alter tregs are cleared, ensure the offset pegs are still in place

Figure 45 - Sewting ous of earthworks

[ninally, pegs we se1 out offset trom the uphill side from the top of batter, and offset from the
downhill side fram the 10e of fill. This allows a logging crew to remove the frees from the
roadline.  After the wees have been removed, the pegs are checked to cnsure that they are still
tn pluce, The station number, and depth of cut {from the top of hatter) or depth of £l ({rom
the toe of fill), together with offset inforrnalion is written on the peg.
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6.6 FURTHER READING

The following references are recommended further reading on harvest planning, markirg o
roadline 2and geornetric road design:

Arxtroads 1993, Rural Road Desipn, Guide 1o the Geometric Design of Rural Roads.
Alistroads, Svdney, 1993,

Walbridge, T. 1990, The Direci Location of Forest Rouds. Virginia Polytechnic Institute and
State University, Blacksburg, Virginia, 1900,

Walbridge, T. [958, The Paper Location of Forest Roads, Vieginda Polytechaic Instinute and
Stete Unfversivy, Blocksburg, Virginia, 1991,

Welbridge, T. [991. Field Tables for the Direct Location of Forest Roads.  Virginia
Polytechnic Institute aid State Uimiversity, Blacksburg, Virginia, [991.

ARRE 1093 Linsealed Roods Monwal  Ouidelines o Good Practice.  Awstrafien Rood
Rexeurch Board Limited, May 1992,
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CHAPTER 7 - EARTHWORKS
7.0 INTRODUCTION

This chapter outlines various read construction techniques and practices which will help the
manager choose w the construction method best suited to the situation, und assist in

culculating cost esthinates.

Machinery types and combinations best suited (o a yoadline censtruction combined with

productivity information have also been developed.

7.1 MARK CLEARING WIDTHS
7.1.1  Minimvm Clearing Width

Clearing trees and topsoil from the roadway construction zone is the first step w0 be
completed, Organic material is generally vnsuitable for embankments and therefore must be
disposed of. Removal of trees within 3 m euther side of the proposed roadway should also be
complered. Where the cemoval of additional trees is required for daylighting refer 1o section

712,

[t the road o be construcied hay not been designed snad setout, then follow through both sieps

I and 2. [fthe road bas already been designed and setout, then mave directly w step 2.
7511 Step One: Road has not been designed

Seing vut cut and fitl pegs will clearly tdentify the start of the cut and the end of the fill.
The following procedure estimates the required clearing width. The alternative is to chouse
an wbitrary distance left and right of the gradeline for tree elearing, This will leave a cortidor
for the bull dozer or excavater operator ta construet the road.  An experienced bulldozer or

excavator operator i needed for this construction technique.
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7.1.1.1.1 Gradeline Location

Locate the formation centreline thai 15 on grade. This may not be where the gradeline was

marked as pradeline marks are placed at eye level on the nearest wee, (figure 40).

Gradeline mark

Mark grade location
- here, {eye level with
gradeline mark)

Figure 46 - Cradetine locaiion

Nate: this is the finished road level and is not the sane as the rogd ceatreling
7.1.1.1.2 Cross-sectional Layout
The cross-sectional design must be determined prior to beginning carthworks construction.

This will enable the machinery gperator o visualise the finished road and use the murker

peps effectively. Figures 47 and 48 show a typical cross sectional layoul.
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Figure 47 - Typical road eross-sectional lavout

Where:

W = Foll Tormation width in matres and inclodes the road, shoulder and diteh (d)
widths,

5% = Side stope of natural pround tn percent.

C% = Cut slope in percent.

F% = Fill slope in pereant.

A =Offset distance along natura! ground on uphill or cut side in metres.

B = Offset distance along natural ground on downhidl or fill side in maetres.

1 = Depth of cut from the wop of batter in metres.

T

= Depth of {ill {rom the toe of fill in metres.

To lunic the quantity of earthwerks required in steep country @ steeper cut slope () can be

made. The following table shows the advantages and disadvantages of a steep cut slope.
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Advantages of steep cut bank Disadvantages of sicep cut bank
[. Less right-ol-way 1. Difficult to revegetate
2. Less excavated material 2. Prone to ravel and ditch plugging
3. Less sidecast 3. Prone to tension cracks
4. Shorter slope exposed to erosion 4. Increased risk of rotational failure

Table 11 - Adventages and disadvantages of @ steep cut slope.

The tables below have been produced to caleulate the offsets and cot and Kl depths Tor

different side and eut slopes.

Assumptians: Side slupe up 0 405 - §0% of the cut material is wsed as solid fill
Side slopes > 40% - End baul eut, no solid 1ill used
Multipliers of Formation Width, (W)

Cut Skope = 200% Fill Slope = 70 %
Stope Offset Cut | Depth Cut | Offset Fill | Depth Fill
8% A 8] B T
10% a7 0.1 0.5 6.1
205 ¢.7 0.1 0.7 0.1
0% 0.7 (.2 (.8 0.2
4Q% 08 0.3 1.0 0.4
50% 1.5 0.7 0.0 G0
705 1.7 0.8 0.0 0.0
0% 19 b 0.0 0.0
B0% 2.1 1.3 0.0 ()
GG 2.4 L7 0.0 ua
100% 2.3 2.0 0.0 0.0
110% 3.3 24 0.0 0.0
20% 39 30 0.0 0.0

Table {2 - Calewlation of setout fformation for eartinworks.
(Fora Im wide formarion) Stmply multiply the numbery provided by the actual formation

widdth {W), 1o caloulate vour own setonl iformation.
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Figure 48 shows the setout for a standard cross-section. It may be easier to create your own
talsle, prior to going out into the ficld, by multiplying table 12 by the formation wicth, Tuble

13 has been caiculated for o formation width of 6.6 metres (figure 48).

\ ;GfﬂdEJirle Loxatitr
sy, !__

Gradelne Locaticn

U=
!

i ﬂ ﬂ-".—--.- — — — — — — L —

| i &
A | l ' G%-...__

geml 1m 4m 1w |

|

5.6m -

Figure 49 - Seton! information for road cross-section with a side stope of 60%.

Figure 49 shows the setout of the example cross section for a side slope of 60%.
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Multipliers of Formation Width
Cut Slope = 200% Fill Slope =70%

Slope Offset Cut | Pepth Cut | Offset Fill | Depth Fill
5% A U B T
1% 3B 0.4 a7 04
208 4.2 0.8 4.2 0.5
30% 4.7 1.3 5.1 1.3
40 24 2.0 T 2.4
205 02 4.4 oo 0.0
FLia:" 11.0 5.7 0.0 0.0
FO% 12.4 7.1 0.0 3.0
RO¥% 14.1 5.8 0.0 00
Q0% 171 10.8 0 0.0
100% (8.7 13.2 00 (0
1 104 A8 17.1 oo 0.0
1205 258 19.8 0.0 (L0

Talie 13 - Setont date for o formation widtht of 6.6 mefres.

The top of the batter wnd the toe of fill can be located by measuring the grounrd slope in the

field using a clinometer, and then referting to the appropriate tuble,  Pegs are then located to

nuwk these positions (figare 50).
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Top of batter

Gradeling mark

Toe af fill

Cut and/or Fil]

1. Offset pegs from Lhe top of batter andfor toe of 1l by wsing standard

tables, road design cross sections or balter staking 1ables

2. After trees are cleared ensure offset pegs are skl in place

0.9m

Figure 50 - Sefting owt road using pegs.

The tables above are not appropriale for setting oot box cut or ali {ili crogs sections.

Therefore, the following calculations shouid be made to determinge the covrect setout pegs

locations.
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7.1.1.1.2.1 All cut ¢rass section

. #ino} _ sl
2gin{e—0) ~ 2ginw 0}

. _Cos{m) 1y = _costa)
Sirrs— ) " sinie+8)

Figure 50 - Calewlating the uffsedx for the top of a bawter jor an all cut crovy-seciion

Dffset cuts A and B can be calcolated by the equations above, or by the following tables

{table 14 and 13}

Exampie:

Formation width (Wi =66 m

Cut depth at centreline (C) = 1.5 m

Side slope (5) = 40%

Therelore offsel distances:

Afuphilloffset) =W x b+ Cxj=77Tx077+15x077=534m
B {downhill offsel) =W x a0+ Cxh=77x045+152045=37Tm
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Calculating Baiter Peg Offsets Constants, a & b
Cut Slope = 200%
Add the appropriate number below to offsets h and j.

Width, W =10 metres | Width, W =700 metres | Width, W =8.0 metres
Slope (%) a b Wxa | Wxh Wxa Wxhb
[0% 0.48 .53 2.87 .17 3.83 4.23
20%% 0.47 0.57 278 140 371 433
0% 0.435 0.71 2.72 EWL 173 4.9
40% 145 0.77 2.3% 4.04 3.59 3.3%9
0% .43 .75 278 447 358 3.97
il .45 (.83 2.7% 5.00 31.59 T
Pl {3145 0.94 2.1 5.73 372 1510
0% .47 1L.O7 2.74 740 377 4.54
S0% {47 i.22 218 7.34 3.71 9.78
100% (rL47 14§ 2.83 8 49 3.7 131
110% 0.48 1758 238 Q.91 3.84 13.21
120% 0.49 .95 2.93 11.72 3.9] 1572

Table 14 - Table 1o calcutate offset constraints a and b for a cut slope {0t} of 200%

Calculating Batter Peg Offsets Constants, h & j
Cut Slope = 200%:

Add the appropriate number below to offsets a and b.

Cut Depth, C=t.0m Cut Depth, C=2.0m Cut Depth , C=3.0m
Slone (%) h i Cxh Cxi Cxh X
| (e (48 53 197 1.07 .44 159
20 (147 (1 57 {1.93 LE3 [.39 170
305 {345 0.1 (L9] [23 L3z L84
40 0.45 .77 0,94 £33 L35 a0
bl [L45 075 .39 1.4% 134 224
g (.45 (L83 0.an L77 1.35 2.50
F0% {145 (.94 Q.90 1.88 1.37 182
#{1% (rd47 107 {191 2,13 1.37 3240
Q0<% {147 122 (103 245 L39 7
100% .47 1.41 (.04 283 L] 424
| i0%h 048 175 {397 330 144 497
[ 205 =AY 1.85 {+ 98 3191 147 2 A7

Tuble {5 - Toable o calculare offset constraines b and § for a cut slope (¢) of 200%
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7.1.1.1.2.2 All 01l cross scciion

Use the tables and diagram beiow for cross sections consisting of all fill.

o Tt / - fF

T g atante) 1y T e

AW

' é’:’ﬁ*ﬁ{#?_j' T T

___ §infe} _ sinjo}

" Zsinfa +6 " Bainfo -8

- CDS{H: L _ﬂ;wtﬂ]
singr - &) B sinloe ~ &)

Figure 52 - Calculnting the offsets for the bottom of a batier for an all fifl crovs-section.

Calculating Batter Peg (HIsets Constants, a & b
Fill Slope = T0%
Add the appropriate number below to offsets h and j.
Width, W =10 metres | Width, W =7.0 metres | Width, W =8.0 melres
{IVeltiplier)
Slope (%) a b a b a b
| D% 0,39 0.44 3,02 274 4,74 3.52
20% .71 .40 4,28 2.38 571 a1y
30% 0.91 0.37 5.48 2.19 1.31 292
40K, 1.27 .34 .54 2.7 10.035 2.74

Tuble 16 - Table 1o calealate offser constraints a and b for a fill slope { &) of 70%
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Calculating Batter Peg Offsets Constants, h &
Fill Slope = 7%
Add the appropriate humber below to offsets & and b.
Cut Depth =1.0 metres | Cnt Depth =2.0 metres | Cut Depth =3.0 metres
{Multiplier)
Slope (%) h i h ] h ]
10% (.77 127 3.35 2510 3.02 397
20% 2.04 1.3 4.08 2.27 T.12 340
30% 271 1.04 5.22 2.09 .83 33
401% 3.59 .98 7.18 1.97 077 2.94

Table 17 - Table to calordate offset constraints it and j for a fill slope (o) of 70%

Example:

Formation wadth, W =77m
Fili depth at centreline, F=1.5m
Side slope = 40%

Therefore affset distances:

A{uphil offset) = Wx D+ Cx]=77x034 +15x098=37m
B (downhill offsetl =W x a4+ Cxh=7T7x 127+ 1.5x359=137m

Now that the road has been designed and setout, step 2 can proceed.

7.2 Itoad has been designed and setaut with pegs.

The logging crew should be instructed 1o remove all the trees contained within the pegs
(figure 33). After the trees have been removed the pegs should be checked to ensure they are
still in place. The pegs determing the width for the bulldozer or excavator to clear all organic

matter (figlre 547,
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Clear all of these trees

Figure 53 - Trees thar are (o be cleared for enrthworks.

Clear all organic material _\

™

=1

wilhin this strip

Fignre 54 - Widih to be cleared of all arganic material for earthworks.
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7.1.2 Daylighting

Daylighting 1s the process of removing trees on either side of the road to allow sunlight onto

the road. This assists drying which will result n o firmer road, and reduce rutiing. The

clearing width is very dependent on the position or aspect of the road. There is little point in

clearing a 40 m width of trees either side of the road if the sun will not reach the road in the

middle of winter, It may be more beneficial to remove the north-facing trees, and leave the

south-tfacing trees standing (figure 56). The mid-winter sun is then more likely to dry the

road.

. The daylighting width should be kept as smali as possible, to ensure that the maximum

productive arca remains, Figoure 55 can be vsed to esumate the amount of clearing width

required, assuming that at least | houwr of sunleght must hit the road on the shoriest day of the

yvear, A neganve value denotes that the south-facing trees are to be cleared.

Minimum Clearing Distance Required to Provide
One Hour of Sunlight on the Shortest Day

z.4

B () = -

1.6l e—

1.204--

.60

0.41x

0440

.00

20\

T awf e 80 190 120 140 __ 180
00} N, 2200 i240)  (e80) (280} (300} {320)  {34D)

Clearing Distance Mulliplier of Tree Height

-0.80

-t ——

‘-—. P S SR (S —

True Bearing of Road (degrees)

Figure 55 - The mininnen clearing width required to provide ot least one hour of sunlipht

o the roaed for the shortest day.
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o Clearing MNorth Faging Trees will Allow
N Miidday Sun to Dry the Road

Ciearing south facing trees Is unnescassary as
it will notincrease the sunlight hitting the road.
—-.._\_‘_:;'_._,_,—-

South side MNorth side

S
Plan View
Maximurm heighl of
mid winter sun -
‘_,.f
~29 deg - g
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E—\ %/
I f - .
" #I -
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Cross Section View

Fignre 56 - Position of mid winter sun and the effect of cutting north-facing trees for

daylighting.
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7.2  TYPE OF EARTHWORKS

The {ollowing procedurs wil} allow machine operators to correctly place cue slopas.

» Starting at the top of the cut slope, material ts excavated and sidecast or removed until the
desired road grade and width is obrained.

« Cut material can be pushed or “dritted” in tront of the blade to areas where fill 18 needed,
for exampie i cover culverts or buitd up flat areas.

= Fill needs 1o be spread and compacted in layers in order to improve strengtis.

While “cut and fill" road construction 1s common {or gentle terrain, slopes over 40% usually
require full-bench roads. Roads cunstructed in steep terrain can have an adverse impact on
the enviromment, since steep, unconsolidated {ill slopes are prone o surface erosion and mass

movement during periods of intensive rainfall,

.21 End-hauling

End-hauling road construction is one methad used to minimise the adverse environmental
effect of fill slopes. It should be used when the impacl of sidecasting material is too great -on
steep slopes, sidecast material may roll or slide down the slope, and into guilics and
waterways, resulling in & negative environmental and visual impact. End-hauling actually

removes the entire excavated material to a disposal area (figure 57).

End-hauling construction Lypically requires an excavator to form the road, and trucks to cart
the cxcavated material 1o the dump site.  Each bucket of cxeavated material is either
stockpiled for taler dumping, or loaded directly cnto 2 twuck., The louded truck will then

dump the fill material in & designated area, while a second truck prepares (o be loaded.

fo%



__——-- Exisling ground
Cu|

Excavalad matanal (sl
carad to dump sila

Figure 57 - End haul constraciion

The cost of end-hauling may be up Lo ten times greater than the cost of conventipnal sidecast
construction, However, increased road stabilisation and reduced negative environmental and

visual impacts can make end-hauling operations the best chotee i some situations

To minimise the cost of construction it is imporlant to gptimise the number of trucks, and the
size of excavator, The efficiency of an end-haul operation, including optimal dump site
dislance, turn out spacing, and rmachinery, 15 outlined betow.

7241 Reasons tor Eod-hauling Construction

Regional requirements, topography, geoiogy and proximity (o water courses and public roads

determine the need for end haul road construction. These five factors are summarised below:

7.2.1.1.1 Regional Requirements

Controlled, discretionary or non-complying aetivities may require the adequate disposal of
waste and fill 25 a condition. On stecp slopes an end-hawl operafion may be the only option

which cumplies with this condition. However, the Territorial Authovity may permit other

options, such ax fil] compaction and hydroseeding.
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72112 Tepography

On steep slopes > 70% (35 degrees), {ill malerial cannot be supported on the slope, The
result is a very long, uncenselidated, fill slopes which are prone to erode and move down the

slope. In addition, the fill has insufficient strength o support vehicle weight.

7.2.1.1.3 Geology

In very erodible secil rypes such as granites, Territorial Authorities may restrict or prohibit
road construction, End haul construction is unsuitable in some erediable soil types (Chatwin

et af, 1994

»  Unstable Rock, especially soft sedimentary with unfavourable bedding
plains, may not be suitable for full-hench cots,
+  Deep Soft Clay Soils, such as lacustrine or marine soils, may also be

unsuitable for end-hauling and may induce rotational failures.

7.2.1L14 Proxirnity to Water Courses

e e
3 - -t = IR
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Figure 38 - Road construction near waterways on steep stopes

- ot sure method to prodice lavge amownts of sedimentation
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Road copstruction near waterways can potentially have a great impact on the environment,
particularly on sieep slopes (figure 58). In thesc sitwations, care must be taken (0 ensure that

there is no sidecast material entering the waterway.

7.2.1.15 Proximity to Public Roads

Newly constructed roads which can be seen from public roads or townships have a high
viswal impact. They result in conspicuouws lines on the landscape, through contrast botween
existing vegetation cover and the exposed underlying lighter coloured soil. Most people will
accept a shall anount of visuat chunge in a pluntation forest, buk they are likely to resist the
chunge if they observe careless, wastetul or unnecessanly desiructive management practices.
On steep slopes, mid-slope roads can leok unattractive, due to the sidecast material cacrying
down the slope. End haul construction could be used to avoid this. Alternatively, the trec
cover may hide the problem, and eventually vegetation will establish on the side cast maierial

to reduce the contrast.

7.2.1.2 Types of End haul Construction

Twao options tor end haul construction are availabie:

72.1.21 One Pass

With one pass method, an excavator clears the trees and stumps, and forms the road in one
pass. Every bucket load of material is foaded directly onto a (ruck for transportation to a
dispusal site. This method is swiled to the construction of namow one-lane roads in very
steep country. An additional benetit s less risk of sediment entering streams than with other

methods,

i
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Figure 3% - One and two pass method of end-haul consiruction

(swing tine Is reduced using the two pass method).

72122 Two Pass

The twer pass method (s ideal for two lane roads. A small pilet rack is initiably constructed at
: 3 - i
approximately the 7 mark (Gigure 60). The excavator then constructs the final road, loading

both the side cast and excavated material inolo trucks, while backing along the pilot truck.
‘This method is cheaper than the one pass method since the swing time between excavation

and loading 15 reduced. This method is only suitable if the excavaled material will remain

stable on the side of the hill while awaiting disposal.
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314 Pilot trac

Figwre 60 - The two pasy method
7.2.1.3 End-haul calculations
7.2.1.3.1 Cycle Time
The procedure used to estimate one cycle time is outiined below. Tt should be noted that
successive cycle times will he different, duc o road construction kength increasing linearly by

AL after every truckloud:

L= Total £nd Hawl Lenpth x Carrying Capacity

Tatad Barthworks Yolume

Totul cycte time {Tig) for a particular uck is equal to the maximoem of gither:

+ the unintcrrupted cycle time (Ty)

« orthe number of trucks {n}, multipiied by the bottle neck ume (Tojneck)

Therafore:

T = I:Tlﬂ:'“:rrl..'-n v X Tiqinek)

if4



whersa:

Ty, = the total time Eor o truck to be loaded, dispose of the load, and return to the

excavator for loading again {excludes waiting tomed,
Teineek = the total time from a truck entering the newly constructed one lane road, to leaving
it after being loaded. No other truck can enter the acwly constructed road during this time

until the truck being loaded has departed.

The bottleneck tune and uninterrupted time can be calculated using the following formula

(Numbers refer to the positions labelled in figuce 61%:

Thunesk = T2 + Tram + T2

Tun = Tioaa + T} g+ TDump + Tz + T+ Ton
where:
Ti.; = travel thne from position 1 o 3
Ty = travel time from position 3 (o 2
Ta) = travel nme from position 2 to | (Reversing)

Tiaw = thewotal time a truck is required to wait ai position 1 to be fully loaded

Tty = the ime required for the truck to ture around at position 2 ready for reversing to the
excavator {position 1}

Towp = the otal time, from when the truck arrives at the dump site (position 3}, to tum

around, dump the spoil and be ready o leave
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Fisure 61 - Typical end-haul scenaric
7.2.1.3.2 Faciors to Consider
» Accurate inputs
Accurate results are only obtained from accurate inputs while it is common o use g 30-tonne
excavator in combination with two 15 m® all-wheel drive dump trucks, the performance of
these machines will be different o a 20-tonne excavator and eight-wheeler pravel trucks.

Therefore, model inputs should be altered to suit values applicable 1o the muchinery used and

the conditions encountered.
¢ Passing Bays on a one-tane road construction
Installing passing bays ar regular intervals along a one-lane road construction (fietire 627 will

increase production, since the excavator has less time to wait for the next uuck to load, ie.

the hottleneck time { Twynee) 18 reduced.

A new value for Teyneck i be approximated by catcudating the time the truck takes (o travel

between the pussing bays,
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Figure 62 « Typical end-haul voad consiruction with passing buys.
o Truck Speeds and Excavator Loading Times
Excavator production can be considerably slowed by hard rock. Alse, a change in the dump
siles could result in different truck speeds. Where inputs are expected to change, the road
should be divided into sepments with similar characteristics, and costed separately.
¢ Additional Costs
The above model does noi take into account any additional costs, such as the optional use of

a bulldozer to level and compact the fill on the dump site, melalling, blasting or logging.

These costs will need to be caloulated separately, and added to the total cost.
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7.2.1.33 Example

End haul Read Construction Inpuis

Road Description

Total cnd-haud lenglh 1000 m
Average dump distanee 300 m
Average wrnout spacing 200 m
Formation width 4 m
Average side slope 80 %
Total carthworks volume #1267 m’
Sidecast material {1.¢; rock suitable {or sidecast) 1127 m*
End-haul volune *10140 m*
Dump Truck

Carrying capacity 8 m'
Number 3
Truck loaded speed 2.74 mis
Loading time 122 g
Dumping time 104 4
Turp in preparulion for reversing 36 s
Truck empty speed 2.57 mfs
Truck reverse speed 1.36 mfs
Hours pnid per day ©.5 hrs
Productive hours per day 8 hrs
Hourly vate 66 $ihr
Excavator

Buckel capacity .14 m”
Loading time per bucket 1747 s
Hours paid per day Y hrs
Productive hours per day B hus
Hourly rate 160 $/hr

Tabie I8 - End haul variables,

{*= End hed volume is eolcufated assuming 10% waste).
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Using the values o table 18 and the fermulue below, the production and efticiency of the

operation can be calculated.

Tauneck = Ta1+ Troaa + T2

Tun = Tioad® Ti3 + Toump + Tz + Touent Ta

Step 1.- Determine Ty,

814 m' x 17.47 sec

CROO0 m+ 500 m /274 m

SO0 m/ 2.7 mfs

1000 m f 1.36 mfs

TLDL'Id =

= |22.6 5ec
Tz =

= 347.4 sec
Toump = 04 sec
T:Il_z =

= 182.5 sec
Ten = 36 sec
T =

= 7333 sec
Theretore:; Tun

= Tiggat Ty + TUmnp + Tag + Tt T

TLII'I

= 17278 cer
= 28.8 min

HE



Merw;
T4 = H)m /i 136 ns
= 147 sec

Tew = 122.658¢c {as above)

T|_3 = 200 m/ 2.74 mds
=73

Thereforc:

Tguneek = T2.1 F Troga + T2

-rﬁ.[lngck = 34‘2.6 potiel e

using 3 trucks: 0 X Terinees

342 6=cx
FO28 sec

17 mn

So.since Ty > D X Trgaees, then: Tiam =

Step 2.- Calculaiing the cost of end-hauling

60 £ 28.8 min
2.08 cyeles /

One truck cyclefr

@ 3 rucks 208 cyeles fhex 3

6.25 trucks / hr

@ 8 muuck SO0m'/
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8 x 50
400 m’ ¢ day

8 hours production per day

Therefore daily cost:
3 trucks x 5 667 br x 9.5 lws (Payed)
= % 1881 / day

| excavator X 100/ hr x 9 hrs (Payed)
= 5900/ day

Total = $ 2781/ day @ 400 m*/ day
= $6.95/m’

7.2.1.3.4 How to Minimise Cosls

End-hauling is expensive, but there are ways (o minimise the total costs.

s Avoiding End haul Construciion

Thie cheapest option is to avoid end-hau] construction altogether. Remember though, that any
allernatives may need (o be approved by the council threugh the consent process.  FHowever,
there is still a risk of fil} slope faillure if suitable methods are not used,

« Minimising Eartivworks

Every buckel loud of material loaded onto a truck for disposat incurs a cost. Mintmising the
total naumber of bucket loads required will reduee the total cost. Pegs can be placed to show

the iop of the cut batter (figure 3} to ensure that the correct formation is constructed (sce

chapter ).
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Figure 03 - Set-cuit of cut batter peg
¢ Truck Size

Speciahised dump trucks such as the Bell 6x6 ave designed specifically for moving large
quantities of carth, They have a capacity of 13 m’, and iheir all-wheel drive and large tyres
allow them to travel quickly over rough temrain.  Also they can also drive on soft and wel

ground without the need for aggregaie which can be applied once the road formation has been

completed. The effect on end haul cost using other types of machineny can abso be evalluied.
v [Msposal Site Distance

Disposal siic distance (I3 has the fargest Impact on costs - cost increases directly with an
inerease 10 disposal site distance, The optimum number of uucks will also increase, since it

takes Jonger for trucks to return to the loading position. The effect of increasing dump site
distance an cost is iHustrated in {igure 64,

Carcful inspection of the area is requircd to identify the closest possible dump sites. Ideally

these dump siles should be flat, ep. abandonced landings or rosds. More than one dump site

iy be required, and it 1s important 1o plan their lucation to avoid deluys during construction.
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* Passing Bays

Sufficient passing bays are required to reduce the waiting time for the excavator. Usually,
bays can be constructed within naturably ocourring areas whers the terrain is fMatter. Where
no flat ateay exist, a passing bay should still be constructed so that maximum twrnout spacing
does not exceed 300 m.  If the number of trucks used is less than Lthe optimum, the

constructed passing bays will be under-ulilised and full savings will not be realised.
Varying any of the inputs contained in table 18 will allow the efficiency and total cost of the

operation to be calculated. This allows variations in the number ol trucks vsed, turnout

spacing and disposal site distances to be compared.
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Total Cost vs Dump Site Distance
{Based on Using the optimum nurnber of trucks)

120 ! R .. .. ' X
| Variables . P ‘ ;

110 4—|Road length _Hooom = | i
Turmout spaging |200m | /

160 - End haul volume 19333 m*

a0 - . ) ! I - — i ’ -—
. . |
) : : S R 1
= 50 i |Excavator
& ' Paid hours/day ghrs
= . Productive hours/day :8hrs |
at ~|Hourly rate 100 $/hr
':"_} | Truck loading time (122 sec
£ Trucks o
2 Paid hours/day 8.5 hrs
Productive hours/day (8 hrs
: Hourly rate 66 Sfihr_ -
304— T - Carrying capacity. _ |8 m® .
- Fwd loaded speed __; 9.9 kmér |
20 4—- - Fwd empty speed 9.3 km/hr |
: : | :Rev empty speed | 4.9 km/hr
10 : - ' Proparation to rey 36 sec
Dumping time ___ | 104 zec

0 ! i g | : | :
o 05 10 15 20 25 30 35 40
Average Distance fo Dump Site (km)

2 3 4 5 6 7 8 9 10

Optimum Number of Trucks

Figure 64 - The effect of changing disposal distances on cost
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7.2.2 Side-casting

The side-casting method is used for most road consiruction in low to moderate terrain, A
percentage [possibly all) of the excavated material 15 “sidecast” on to the hill slope {figure 65},
During the process, it is critical to avold the side-cast material entering streams. Nor should it

be placed on unstable areas where it might erode.

Exastangy 4 rourd

Gt

Excavated material cut)
- - fHaced over the Side

W

Fill o s eeast matenal
e

&

Figure 65 - Sidecast constructing

7.2.3  Sidecast Pull Back

Sidecast pull back is where usuat sule casting methods of road construction are used, with
cither an excavalor or dozer.  After logging, when the road is no longer nesded, an excuvator
pulls back onto the road as much of the sidecast material as possible. This method does not
elimipate the risk of sediment cntering the waerways, but it does the quantity avallable for
mobalisation. This i1s because, at best only half of the sidecast material can be recovered and

the rest still has the potential to move down the slope into the gollies and waterways.

Sidecast pull back is not strictly end hauling and approval from the counci! may be required.

7.2.4  Benching

Beaching can be used to comain the sidecast fill, preventing it from sliding down the hill into

the gullies or waterways. A small bench 15 constructed below the read formution to catch the

sidecast materizl {figure 66).



Excavated material {¢ut)
plaged over side for fill

——.

Srmall Bench Cut to
Contain Fill -

Figure 66 - Beach cut o contaln sidecast fill.

On steep slopes, the [l material cannot be compacted, so vegetative cover [B.g vid

hydroseeding) may be requited 1o prevent ¢rosion.

7.3 SEQUENCE OF EARTHWORKS
7.3.1 Method OQne - Flag to Moderate Terrain

As discussed above, the sidecast method can be used for flat to moderate terrain,  The

sequence of carthworks 15 as follows:

. Remove any [recs, stumps, or other vegetation, and cither remove.then from the site or
place then on the side of the hill
2. Strip off the topsoll, and either remave it or place 1t over any stunps {Do ner wse this

material as il

3. Form the road by cutting and sidecasting material over the side
4. Form the batter slope to its correct angle
5. Shape the road camber and wateriable to allow effective drainage
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7.3.2 Method Two - Steep Terrain

Il end haul methods are to be used for sieep terain, the steps invalved are:

One pass method

l. Remove any lrces, stumps, or other vegetation, and either remove them from the site,
ar place them over the hillside

2. Faces the cut slope (in the direction of the road) with the excavatur, and remove the
waterial from the slope, swinging 180 degrees to load it into trucks

3. Form the butrer slope at Lhe correct angle

4, Shape the road camber and watertable to allow effective drainage

Two pass method

3 . : .
L. Place pilot track at 1 mark by steipping any trees or stwimps, vegetation, top soil and
sidecast
2. Facing back down the road, ihe excavator digs beneath itself backing along the pilot

track. In this case the excavator only swings 90 degrees to load the nucks
Form the batter slope at the correct angle

4, Shape the road camber and walertable to allow effective drainage

7.4  EMBANKMENTS AND SOLID FILL

The choice of material for the construction of embankments and solid till 35 eritical to
crsucing 2 long life for ihe road. Organic material, stumps and other vegetation should not be
used as fill material, Since it witl not compact to a hard surface, and may eventually break

down, leaving soft spots which could develop nto holes and embankment faijures.
Correct compaction of fill material will ensure that natural settlement 15 minimised, this

increasing the life of the road. The following guideline should be followed when compacting

fill mncecial.
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Yibrating Holler Loose Layer Depth {mm)
Mass in Toanes {(Static) Tuewed Roller Self Propelied Tundem ]
4 250
) 300 400 350

Table 19 - Loose layer depth for compacting clean yand

Vibrating Roller Luose Layer Depth (m)
Mass in Tonnes (Static) Towed Roller Self Propelled {single drum)
5 1.0 -
18 1.5 1.0
13 20 L5

Tuble 20 - Laase layer depth for compaciing coarse rockfill

Best compaction of a soil is achievable at its optiment moisture content (OMC). To achieve

OMC:

¢ [If too dry add water during cutting for mechanical mixing during handling, followed by
[urther watering during placement of the fill,
+ If too wer provide good drainage during carthwerks to stop materials hecoming too wet,

should leave wark at end of day lightly compacted and shaped o shed water,

7.5 MACHINERY

7.5.1 Excavatoers

o The excavator has a workzone chat ailows it 1o obtain materials that are ingccessibla o o
bulldozer.
+ The excavator operator has much better conlrol ever the materials being moved and he can

¢fficiently sort out those Lhat are undesirable for structural fill and thereby improving the
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guality of road being built.

It is vsually not practical for the excavalor 1o go outside its workzone to get material since
it’s travel speed is much slower than the bulldozer's (4 vs 10 km/h).

The excavator’s ground pressure is lower than the bulldozer's allowing it to work in aveas
where the bulldozer cannot.

A narcower right of way is required when an excavator is used which decrease the arca
£Xposed 10 erosion.

An effective drainage sysiern can be pul in place with the excavator reducing the need for
bovrow pits.

Coreeet excavator specifications are important o obtain the hest performance,  Some
components such as the suck and bucket, affect the resulting tooth forces which o wrn
determine the range of applications and, in part, the production rate.

The main function for the excavator is probably to build the subgrade, spreading the fill as
it is heing dumped. Levelling may then be done with a relatively small amount of

bulldozer time.

The excavator is the best machine for culvert mstaliation.

Compaeting with the ¢xcavator is not very efficient due to the slow vavel speed and low
ground pressure.

Productivity can be increased if belldozers and exeavators are vsed in combination.
Excavatars may have distiact advantages when upgrade old roads, (o load gravel, to extract
hard fill and o work in environmentally sensitive areas such as stream crossings.
Excavators with other attachements can be used to load wood or break rock.

For cxcavating hard materials a shornt stick and a short tip radius bucket achieves the
hiighest tomb forces,

Using  short stick will reduee the reach by 008 to £.5 m but it will increase the digging
force by 25 1o 35%.

A shori tip radius bucket will increase the breakout force by 5 1o 12%, but the reduction in
reach 15 0.03 to 0.20 tn.

As o rule, the solter the material (he wider the bucket can be used and vice versa, In hard
rock reduce the bucket width to apply a higher force per mm of cuiting edge,

A wider bucket can shocten the stick life through the twisting action, which occurs when

the bucket corner hity a “fixed" object while digging,
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+ A longer stick has a higher potential for damage due to swinging into things.

* There are several classes of buckers. They runge frome exire heavy duty anes For tough
rock and other severe applicalions; hewvy duty for use where rock 15 encountered
occuasionally, and medium and {ight dury buckets for soft materials,

s The local conditions will determine which stick and bucket combination wilk give optimal

production,

Bucket capaciiies

* Buckets cun be changed in a matter of roinutes using a quick coupling system.  Such a
system allows ihe usce of a wider bucket for soll materials, e.g sand, organic soils and a
narrower one for removing stumps and excavation of harder materials.

» Scveral different types, makes, and sizes of buckets are avaiable for any specific size of 4

brdrauiic excayalor,

Hoom

» There is usually a choice of one-piece or iwo-piece bogms for cxcavators.

¢ The onc-piece hoom 15 used in forcst roud construction. It has a long reach, good digging
depth and lifting capacity. In addition it is cheaper than the two-piece boom.

» The two-picce boom is more versatle since the foreboom exlends or refracts 0 lwo ar
three positions. This gives varying reach i height and depelt but also varying stability and
lift capacity, Larger buckets can be used with the foreboom in & fully retracted position

and using a short stick. A wwo-picce oo is good for truck foading applications.

Undercarriage

+ Undercartiage on an excavator deleriorales due o fatipue from repenied pomt loading,
impact loading and bending.

+ Lxcavators working on relatively flat sofl ground, fiee of rocks and stunps gencrally have
few, if any undercarriage problems.

* [n more severe conditions deterioration of the undercarriage can oceur very guickly.

+ The narrowest track satisfying the Motation requirements in your work conditions should be
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used.
+ To increase the life of wide tracks it is beneficial to equip the machine with full-length

track guiding guards. These will improve track alignment with the rollers, sprockets and

idlers.

» Single grouser shoes give the best traction, which may be useful in hilly letcin, but they
may make it more difficult to turn the machine in cohesive soils. Double and triple grouser

shoes are also available.
» The operater can help increase the undercarriage life By
¢ maintzn level underfoot conditions rather than peint supports on « few rocks
= operale over the front rather than the side. Otherwise lift-off would oecuar causing
link, roller, pin and bushing wear.
+ make gradual turns to reduce side thrust

s maintain propor track @osmwon

Exire Guarding

+ Additional protection 1s required when working inoa {orest,
s Protective plate under the upper structure (o prowecl against debris being pushed up from

underneath,
» A wear plale on the stick where the bucket teeth can make contact may be nseful.

+ A Rollover Protective Structure (ROPS) canopy may be required.
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7.5.1.1 Hydraulic Excavator Operating Technigues

» The technigues used are to a large degree related to the werrain.
o Construction of forest roads normally follow a standard sequence of events:
s road layout
+ cuiting of the right-of-way
« staking
+ grubbing
+ subgricle construction
= levelling and compacting of subgrade
= gulvert installation

v application of aggregate

Road Fayoxu!

¢ The unique capabilities of a excavator allow a road to go through arcas that otherwise
wold be, considered unsuitable:
= swamps (hat arc too big for & bulldozer 1o cross on its own;
* wer areas where careful sorting of road materials is required;
+ arcas of abundant rock outcrops, where the road building material s focated in

small pockets that are inaccessible 1o a bulldozer.

Cuiting of the right-of-way (ROW)

o The ROW cut maybe in a staggered pattern sa that the excavator always has one side of the

raad free fromn which it can obtain fill.

Staking

+ Staking the main roads during the construction 1s impariant for two reasons: to maximise

the efficicney of the construction machine und (o produce quality road alignments.

i3



Grubbing with a bulldozer/excavator combinafion

» Grubbing involves the handiing of waste materials of non-uniform size and shape to
prepare the ground before the subgrade fill s put down. These include unmerchantable
trees, stumps, branches, boulders and organic soils. Such matertal is probably moved more
efficiently with a bulldozer blade than with a excavator bucket, In certain conditions, the

grubbing maybe better done with the excavator. This will be discussed laer.

* The two wuys to treat the waste materiaf are dependent on the material, individual company
policies, terrain conditions and the class of road being buiit:
» Use it in the rgad base to elevate the subgrade and to fill up depressions

» Remove it from the roadbaze with or without burial.

« [n situations where the waste matenials are not required or wanted in the roadbase
¢ The standard practice has been to windrow them along the edges of the ROW.
= They may be butied in the ditches that the excavator creates beside the road when
huildiag the subgrade. The bulldozer may thercfore push the waste materials into a
windrow on une side of the centre line or into windrows an gither side.
» The windrows must be far encugh away to allow for the width of the rcad plus a

ditch,  After the excavator has renoved the OlE the bulldozer can backfill the

ditches with the materials in the windrow,

Grubbing with excavator

+ Conditions where 1 bulldozer is unsuitable for grubbing include swamps and other wet

arens, steep rocky hills and boulder ficlds.
« The supericr flotation on the excavator allows it Lo pul in a brushmat over a swamp if there

uare trees available within its reach. Providing therc is fill betow the swumpy matenal the

excavatqr can usually dig up to 5-7 metres below the surface.
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* A excavalor may still be able to cross a swamp arca, which could oot be traversed by a

butldozer

* Il should be noted here that using the corner of the bucket to pull down large trees can

impapt @ twisting force in the stick, which could damage the stick yoke.

= In wet areas with unstable soil conditions:
* the excavator does  better job than the bulldozer in remaoving wel topsoil without
mixing it with good fill. Itis also less likely to disturb any rootmat if it is best left

in place.

L

I steep rocky terrain, the exeavator can work more easily than the bulldozer.
v It can grub and gain access to pockets of {ill, which would be inaccessible o the
bulldozer blade.
o Working a steep sidehilt cut is eagier with rhe excavator since less material needs to
be moved. Unlike a bulldezer which would have to construct a ramp to reach the
material.

* The excavator is also superior for backsloping and for working around rocks.

One technique for construcling a road, using anly i excavator is:
v The excavator travels in the ditchline and grubs from the centre line outwards. The
waste material is windrowed between 1he edge of the road to-be and the ditch. The

process is then repeated on the opposite side of the read.
Subgrade construction
= Excavators are most often used to construct the subgrade after the grubbing is completed.
» In most terrain conditions there is cnough fill within reach of the excavator (8-12 metres at

ground level} to ullow 1t to work from a position on or beside the roadbed, or in the

ditchiine,
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+ This is an advantage since the buildozers, i used for the grubbing, should have icht a faicly
even surface with an excavator to travel on, The smoother that surface 15, the tess wear on
the excavator undercartiage and the greater the operator comfort.

There are a munber of different methods used 1o consiruct the subgrade with « excavitor.

1. Heaping the fill material

o A bulldozer is unable to worlk successfully with very wet Al It is therefore commen
practice to heap up such fill to let it drain. The time it takes before a bultdozer can spread
it varies berween a few days to a year, depending on the sois involved.

v A excavator can remove very wet unwanted fill and then spread each bucket of desirable
iil} as it is being dumped. Spreading the fill will dry it out faster than when it 1s heaped up.
Ancther advantage is that the operator can determing the correct amount of fill that is
required. A skilled excavator operator can build a level subgrade, which requires little or
no bulidozer work afterwards,

» Using the side of the bucket as a blade to spread the fill afier it has been dumped wifl wear
out the bucker and create dewimental side forces on the stick and boom. 11 is preferable o

use o bulldozer to create a smooth subgrade.

While df

aul the flL the excovator can be focated in various positions

» The ditchline - a excavator working from a position in the dichline can do the digging
owver the front of the undercarriage to reduce wear. It can also reach further from the road

to ohtain the necessary fill,

* Between the ditchline and the roadbase - the excavator leaves a strip of ground slighely
wider than the undercaniage. This 15 an advantage from a road safety point-of-view, but

digging is done over the side of the undercarriage, which will increase wear.

+ On the readbase - The operator has the best, view of the read alignment from this

position. Digging from this position is also over the side of the undercartiage.



+ Two excavalors can world together to build one half of the subgrade euch for a wide road.

When the amount of soil obtainable with the excavator while sitting on the roadbed ot in the

ditch is insutficient for the subgrade.
s A bulldozer can be used to push the material to within reach of the excavator.

= Alternatively the excavator can be used (o feed the bulldozer which then pushes it

onto or along the road,

Levelling and compaction of the snbgrade

e Levelling of the subgrade is uswvally done with a bulldozer.

« If the excavator spread the matenial during the dumping eycle and the operaior kept an eve

on the grade, the amount of levelling work with the bulldozer is minimised.

« I the material is heaped up, the bulldozer must be used for levelling.

+ FOow COMPpAanivs USe Compaclers.

Nate: Track compaction or ne compaction witl ondy be sufficient if the road
pavement 5 left to settle and namrally consolidate for at feast 6 to 12 months,
If traffic is 16 use the road before this time compaction with rallers et will be

reguired, See chapter 9 section 9.4 “Compaction”.

Culvert tnstaliation

» Installavion of culverts, is easily done with o excavator. Installation time can be as little a3

one third that required with a bulldozer.

» Less material has 0 be moved and the excavator can [ift the culvert in and secure it by
carcfully placing sefecred fill aound it There is also less sk of damage to the culvert

See chaprer £ Warterway Controf and chaprer 12 Streeem Crossings

ER1]
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Gravelling

Loss gravel and less grader time are required (o produce a level road when the stbgrade is

cargfully built and compacied.

7.5.2 Bulldozers

Bulldozers are commonly used o clear the right of way, to cut and fill, and to copstruct an
even subgrade. They have the disadvatage that their undercarriage wears oul from the

constant travel,
Bulldozer Blude Gplions

There are a range of bulldgzer blades available, although which are dependent on the
individual machine. An indication of a blade’s ability 1o penetrate and oblain ¢ blade load is
kKW per metre of cuiting edge - the higher the k'W/m, the more aggressive the blade. Kilowatt
per Loose m’ {Lm"), the greater the blade’s potential capability for carrying material at &

gieater speed. The fellowing blade options show their best application situations:

“U" Uriversal, lurge wings for moving large loads over long distances.

» M5 Straight, most versatile.

« “A" Angling, can be positioned straight or angled 23° to sither sile for side casting,

= “C" Cuoshion, designed for large tractors for push-loading serapers, but may be used for

sencral dozin g jobs.
Production dozing tools:

U - Universal blade - The large wings on this blade includs one end bat and ae east one
section of cutting edge which makes it efficient for maving big loads over long distances a8 in
land reclamation and stock pile work. Has a lower KW/ of culting edge than the § or SU
blades and 15 best for lighter or relatively casily dozed material. A tilt eylinder {only available

on S0MG tractors} improves its ability to ditch, pry out, and level.



SU - The Semi Universul Blade combines the desirable characteristics of 5 and U blades into
one package. Increased capacity through the addition of short wings, which include only the
dozer end bits. The wings provide improved lead retention, while maintaining the blade’s
ability to penctrate and load quickly in tightly packed materials and 1o handle & wide variety of
materiais in production oriented applications., The SU blade kas the production advantages of
the 5 blade, althongh it does not have the same ability to spread malterial i finish grading

applicutions.
General purpose dozing tools:

S - The straight blade provides excellent versatility. Since i 1s physically smaller than the SU
or U-blade, it is caster t0 manceuvre and can haondle a wider range of mamerials, Tt has &
higher KW/m of cutting edge than the SU or U-blade; consequentiy the S is more aggeessive in
penetrating and obtaiping a blade load. A tilt cylinder increases hoth the productivity and

versatility of this dozer, With 2 high kW/Lm", the S-blade can handle heavy niaterial easily.

P - The power angle and tilt blade. Versatility is the key feature with its ability 10 perform a

variely of site development 1o general dozing work as well as heavy-duty applications.

A - Angling blade cun be positioned straight or angled 25 degrees w either side. It is designed
for side-casting, pioneering roads, backfilling, cutting ditches and other similac tasks. 1t can
reduce the amount of manceuvering required to do these jobs. Its € frame can be used fow
witachments such as pushing, land clearing, or snow removal tools.  A-blades are not

recomuended for heavy rock or severe applications.
AEM VR Blades (Variable Radius):

The Batderson Variabie Radius Semi-U-Blade combines the bencfits of a semi-U-blade such
a5 cutting abilily and ground penetration with U-blade characteristics of betier load retention
and less side spill. This 1s achieved with the variable radius mouldboard, which causes dict o
move (o the centre of the blade creating more rolling action. The exended side plates retain
the loud and increase capacities. The vanable radivs semi-U-blade §s an excellent tool Tor

landh improvement, soil conservation, site development, or general construction.
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Speecial Application Dozing Tools:

Special blades are designed to increase production while performing certain tasks. However

spectalisation reduces the blades versatility.

C (ALEM) - The Balderson Cusion blade 15 used on the DEN through o the DN for on the
g0 push Joading. Rubber cushions allow the dozer to absorb the impact of contacting a
scraper push block, When not push loading, the dozer can be used for cur maintenance and
other general dozing jobs.  The narrow width of the C-blade increases machine

manceuvrability in congested cuts.

ALM U-Blades - Balderson and Weldeo-Beales offer a variety of U-blades lor use o a wide
range of applications. They provide high velume movement of light non-cohesive matecials
such as coal and woodehips. Heavier U-blades are alse offered for prodection dozing and

reclamation work.

K/ - Offered by Rome, the K/G-blade is wsed in many land clearing applications. In
addition to cuiting trees this versatile blade can pile vegetation, cut v-type drainage ditches
and build woods roads and (irebreaks. Weldeo-Beales offcrs a blade of similar design calted

the One-Way Brush Cutter.

V-Tree Cutter - Rome, Balderson and Weldco-Beales offer this clearing blade for shearing
trees, stamps and brush at ground level, A sharp angle or V, formed by two cutting blades,
utilises tractor weight and borsepower though the ceatreline of the cutter.  Utilisation of

tractor force allows most growth 1o be cut at a steady pace and cast to the sides.
Rakes - Rome, Balderson and Weldco-Beales offer o variety of rakes for use in land clearing
applications. They handle vegetation up to tree size, and offer good soil penctration for

removal of small siumps, rocks and roots. [n most cases rake tines are replaceable.

Properly matching cozer and blade is & basic requirenent for maxinising production.  First

consider the kind of work the tractor will be doing most of its life. Then evaluate:

{3y



1. Materials to be moved

Most materials are dozeable.  Mowever, dozer performance will vary with material

characteristics such as;

Particle Size & Shape - The larger the individual particle size, the harder it is for a culling
edge to penetrate. Particles with sharp edges resist the natural rolling action of o dozer blade.
These putticles require more horsepower to move than a simitar volume of materiul with

rounded edges.

Voids - Few voids means individuad particles have more surface ares in contact with other
particle causing a stronger bond, A well-graded materizl, which lacks voids, is generally

heavy and is hard to remove,

Water Content - The lack of moisture incraases the bond between particles and makes the
material difficult to remove. A high moisture content makes the material heavier and requires

mare force 1o move, Optimur molsture content 15 best.

2. ‘Fractor Limitations

The weight and horsepower of the machine determines its ability to push, Various terram and

ungder-foot conditions on the job limit the tractor’s ability and overall production.

7.5.3 Scrapers

» Scrapers are employed where large volumes of subgrade materials have to be transported
over fonger distances than the bulldozers can cconomically push them.

= Scrapers require special skifled operators 1o work efficiently and cffectively
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7.5.4 Others

Front-end loaders, gravel trucks and graders are used in the jast phase of the rosd construction

to give the road surface its final shape. Compacters are also sometimes used - see section 0.4

"Compaction”

7.5.5 Generaf Overview

General guidelines fo be considered when evaluating which machinery to use:

f. Earthworl material is removed by:

e dozing-up o S0m

s scrapers - L2 to 2iom

* loading and carting by truck for longer distances, or when there Iy insafficient volume 10
S8 Sorapers

« small quaniities can also be sidecast by o grader,

2. Plant Selections and Usage: (Tracks ar rubber tyres?)
¢ tracked machines are slower than rubber tyred bre can handle rougher terrain,
s rubber-tyred machines requive a herter surface on which to operate.

o rubber-tyred machines prodice better compaction vesuits

7.6  LAND CLEARING PRODUCTION

The first stage in earthworks 1s to clear the road right of way, by removing the trees, stumps
and topsoil. The logging cost (Fonne) is largely dependent on the log haal distance and

piece-size of the trees.

The additional time reguired to remove stumps, and to correctly dispose of the orgarnic
material needs ¢ be added on o the machine’s productivity estimated in the following

sections.
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7.7 ESTIMATING MACHINERY PRODUCTION

T7.7.1 Bukldozer Produciion

Estimate the bulldezer production using the prodoction curves shown in figore 7. It should

be noied that other factors need to be applicd to these productien estimates dopendent on the

work conditions.

Lm¥hr Estimated Dozing Production

1200 7

1000

800 -

600 | —

400

Average Dczing Distance {m)

Figure 67 - Dozer production chart

For forest road construction, where sidecasting is applied, an average dozing distance of 30 m

is considered appropriate. Table 21 lists the estimated production in loose cubic metres per

by [Lmla"hl':l.
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Dozer | Weiphi Prodn (P} Rate (R} Transport Costs, T (3/km}
Type tonnes Lm*hr *(&/hr) Trips | Loaded | Emply
(BRI 110) P800 459 2 $3.50 S3.30
IB]1Y 77 1250 33 2 $5.50 F3.00
b9 45 830 274 2 $5.50 $3.00
D8 42 720 230 l $5.50 $3.00
bl 2R 380 188 l 35.50 $3.00
(M 21 280 140 1 55.50 $3.00
| 15 230 114 l $2.70 $2.30
D4 1.7 150 100 ! 3270 $2.30
D3 8 B &7 l 5270 $2.30

Table 21 - Estimating costs of production and transport for various dozer types

Note: Long term hourly rates may be lower thun those (ixted

* Rates guoted from 1997 Contracting Industry {Nrectory

Lise the table ubove (or your own figures) Lo calenlate earthworks cost {C) {$a"1113}:

where:

e T e = T - B

Czl;-FXSHR-E-T

= Total in-place volume of earthworks (m"'}

= Soil swell factor (iable 22}

= Dozer production (Ly’/hr)

= Hourly charge oot rate, including operator ($/hr)

= Total cost to (ransport dozer to site {multiply km from depot 12 site by the
appropriate cost per km, and add the unloaded and loadad costs)

= Job adjustement factor - muliiply together all the factors that apply below
{table 23)
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ATTRIBUTE CORRECTION
FACTOR

Clay ~ Natural bad 1.22
Biry 1.23
Wel 1.23
Clay & gravel - Dry L.18
Wet 1.18

Decomposed rock -
5% Rock, 23% Earth 1.43
504 Rock, 50% Earth 1.33
25% Rock, 75% Earth 1.25
Earth - Dry packed 1.25
Wel cxcavated E27
Loam .23
Ciranite - Broken 1.74
Grawvel - Pitrun .12
Limcstone 1.79
Sand 1.12
Sand & clay - Loose 1.27
Sand & gravel - Dry 1.12
Wet 1,16
Sandsions 177
Shale 1.33
Stone L.77
Top Soil 1.43

Tuble 22 - Soil swell factors
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ATTRIBUTE CORRECTION
FACTOR
CPERATOR
Excellent i.0
Average 0.75
Poor 0.70
WMATERIAL
Loosc stockpile 120
Hard wa cut; frozen
with tlt cylinder (.80
without tilt cylinder 0.70
cable conrolled .70
blade
Hurd to drift; “dead"
very sticky material .80
rock, ripped or 0.70-0.80
Blasted
SLOT DOZING 1.20
SIDE BY SIDE DOZING 1.15-1.25
VISIBILITY
Dust, ram, snow, fogz or (130
darkness
JOB EFFICIENCY
50 min/hr .83
40 minfhr 077
DIRECT DRIVE TREANSMISSION
.1 min {1xed time (.30
USING A-BLADE OR C-BLADE 0.50-0.75

GRADES

See figure 08

Table 23 - fob Condition Correction Factors
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% Grade vs, Dozing Factor

&
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o o
Fo R 8

- o
o

Grade Adjustment Factor
o
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T

20 10 0 10 20 30
% Grade {- Downhill, + Uphill}

4
= -R )
O3 T 4
]

Fipure 08 - Grade adfusiment factor

7.7.2 Excavator (backhoe) Produckion

Excavator ewthmoving production is dependent on averape buckel payload, average cycle

tirme and job efficieney, The production can be derived from the following formula:
P {m*fhr) = Cyclesthr x Avg Buckel Payload (i)
The digeing cycle of the excavator is composed of four segments:
. Load Bucket
2. Bwing Loaded
3. Dump Bucket

4. Swing Empty

Excavator production can be estimated from figure 69,
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Excavator Production

50077 R s e Sty Bt B D
i‘___]'._____LTypical range for various work conditions: _| |
_ l (Excellent, Average or Severe) .
WO A7
I- S PR R L]
| | ! A A

\

N
N\

|
e — R

.\ﬁ
€

T

l

l

Production (Lm>hr)

5 15 25 35 45 55 65
Excavator Weight Class (tonnes)

Figure 69 - FExcavator produckion for various work conditions
{Production is in lopse cubic metres and should be divided by the appropricate soil swell
faceor, table 22}

The work conditions are deflined as follows:

Excellent:

+ Easy digging (unpacked earth, sand gravel, ditch cleaning, etc.)

* Digging io less than 40% of machine's maximum depth capability

» Swing angle less than 30° - Dump onto spoi! pile or trock,
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Average:

Mo obstruclions

AT experienced operator.

Migher production:

¢ Medium dipging {packed earth, tough dry clay, soil with less than 25% rock
content}

s Depth to 50% of machine's maximum capabilivy

s Swing angle to 70° - Large dump targel

¢ [ew obstructions.

Lower production:

» Medium to hard digging (hard packed soil with up to 50% rock content)

» Depth to 70% of machine's maximum capability

* Swing angle to 90° - Loading trucks with truck positioned close to excavator,
Severe:

Higher production.

Hard digging {shot rock or tough soil with up to 753% rock content)
Depth to 90% of machine's maximum capability
Swing angle to 120° - Sheved trench - Small dwmp target

Working over pipe crew.

Lower produciton;

-

Toughest digging {(sandstune, caliche, shale, certain limestone, hard frost)

Cwver 90% of machine's maximum depih cupability

Swing angle over 120° - Dump into smalk target requiring maximum excavator
reach

People and obstructions in the work area.
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For a known volume of ewrthworks, work conditions, type of excavator and hourly rate the
cost can be culculated using the following formula. Table 24 pives some indication for the

cost of transport and excavator,

C=%F><Sx RE+T

where:

= Total in-place velume of earthworks {m3 3
= Soil swell (acror (table 22)
= Dozer production {Lm'ﬁfhr}

= Hourly charge out rate (inciudes operator) (S/hr)

e - B

= Total cost to transport dozer Lo site (multiply the kilomeues fipm depat 1o
site by the appropriate cost per km and add the unleaded and icaded costs)

F = Job adjustment factor and is the muliiplication of all the factors thal apply
{table 23)
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Excavatar Rate (R) Transport Costs, T ($/km}
Weight (tonnes) *($hr) Trips Loaded Empty
7 70.50 I £2.90 $2.30
1l 83,50 I $2.70 $2.30
12 §3.50 i $2.70 $2.30
4 79.50 ] £2.70 52.30
20 97.50 | $5.50 $3.00
24 107.50 1 53,50 $3.00
30 127.50 2 =5.50 53.00
45 17400 2 $5.50 $3.00
75 287.50 2 $3.50 $3.00

Table 24 - Fxcavator production and transport costs

{Rates quoted from 1997 Cantracring Industry Directory)

Note: Long term contract ratey will be less than those specified nbove.
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CHAPTER § - PAVEMENT DESIGN

8.0 INTRODUCTION

The three main functions, of a pavement are:

1. To provide a durable, all-weather surface which will provide an acceptable
level of travelling comfort, safety and service,

2. To distribute traffic loadings so that its intensity can be supported by the
foundations (subgrade).

3. To have suffictent inherent strength to minimuse deterioration under traffic

lvads ar the elfects of moistue,

The cbjective when designing a pavement 15 10 produce a roud which will perform the
above functions with minimal maintenance during its Hfe, To achieve this, an
important factor s determining the pavement design thickness, but the support which
can he provided by the subgrade matertal needs to be determined before this design

thickness can be deternuned.

Subgrade strength, and its susceptibility to strength and volume ﬂmnge&; with
variations inomoisture conditions are nnportant Factors influencing the pavemcnt
design.  The subprade strength is dependent on its physical and mineralogical
characteristics, and its density and moisture content both during compaction and while

in service.

Subgrade strength can then be utilised to determing the quantity and quality of
aggregate material required for overlying pavemant design. The axle loads being
applied to the pavement, and the required amount of load distribution determine the
thickness and material strength used in the pavement. A weak subgrade will require a
thicker pavement to distribute the applied waffic loads, This load distribution by the
pavement fayer is very important, since most subgrade materials will not withstand a

large nunber of heavy axle [oads applied directly o it
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8.1 PAVEMENT DESIGN

A systematic upproach must be used when designing a pavement struciure.  dMany
variables and imeractions can make the process a very complex probleny. Figore 70 is

a flow chart showing one procedure which can be followed.

8.1.1 Input Variables

The Following inpul vasiables are to be considered when designing a pavement.

8.1.1.F Design Period

The design peiied is that period of time for which a pavement & desived o serve
without requiring najor rehabilitation or restructuring,  The design period 15
influenced by a number of facters including the cost of capital expenditure, road
lagsitication, intended wsage, and location. For example. thers is no nced to design g
seeondary road 1@ withstand the expected tratfic loadings for 10-20 yeurs af it is only

likely 1 be used for a number of months.,

8.1.1.2 Design Tralfic

The level of curcent traffic or expected truffic must be determined when designing a
pavement. Any expected change in Waffic volumes oceurring over time should also be
taken into account (ie. estimate the growth rate), Specific data required for the design

traffic analysis includes:

s Axle numbers
v Poad distribution
= Loading raie

»  Tyre pressure
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The design (raffic 15 expressed in terms of the equivalent number of standard axles
{(ESAs} which are predicted to traverse the pavement during the design period. This
number of ESAs is regarded as having an equuvalent damaging effect as the axle loads

10 which the pavement will be actually subjected.

Neote: The ENA criterin iy a concept thar was designed for secled

rouads, however {t is alto widely wied for unsealed roads.

8.1.1.3 Subgrade Properties

Subgrade material must be evaluated to determine the properties which influence the
pavement design. The main properties of interest are the subgrade swength, and s

susceptibility to strength and volume changes with variations in moisture,

Subgrade stength is intluenced by the physical and mineralogical churacteristics of
the material, and its density and moisture content, both when compacted and fater tn

SETVICE,

In some situations, the pavement design over a subgrade which (s bighly suscepiible (o
volume and strength changes will become expensive and impracticable.  In these

situations, changes to the subgrade may be needed,

8.1.1.4 Pavement Material Properties

ILnowledge of the pavement material propectics and characteristics Is essential to the
design of a pavement. Substandard guality musteriad will require careful consideration
when determining pavement depth, and load bearing and load distribution propertics -
additional pavenient depth of stabilised material may be required. Material properties

are discussed in section 8.3,



£.1.1.5 Environment

The environment can affect both the subgrade and pavement materials. Changes in
moisture and temperature can influence the properties of a material, and thercfore the
overall performance and serviceability of a pavement structure.  Pavement design
rmust take indo uccount the meisture apd temperature (both averages and runges) which
the pavement and subgrade will encounter during service, The significance of
covironmental effects will depend or the materials which are selccied for the

paverment, and the period during which the heaviest loads will use the pavement.

8.2 SUBGRADE EVALUATION

The support provided by the subgrade is an important factor in determining the
required pavement design thickness, The most commonly vsed measure of subgrade
support 1s the California Beartng Ratio {CBR). The aim of subgrade evaluation is 1o
determine, a subgrude CBR value for the density and moisture conditions which are
expecled to prevail in service, A design CBR must be detenmnined for cach different

instance of topography. drainage and soil type.

In vaniable soi! conditions more measurements are wartanted. Correct documentaiion
of the changes in soil type and CBR sumple positions w1l provide accurare

information for the subsequent pavement design.

8.2.1 PFrocedure for Determination of CBR

Several procedures are aviailable for determining the design subgrade CBR, based on
field or laboratory lesting or on previous cxpetience.  The procedure used is
influenced by factors such as the inportance of the road, and the amowont of experience
the designer has had with similar subgrade matertal in simifar locations and

ENYIrONMents.



The following three procedures can be used to determine the subgrade CBR:

i Insitu determination using field CER cquipment, dypamic cone penetrometer,

Or impact test equipment

2. Laboratory determination

3 Presumptive CBR based on cxperience

A detaited description of each follows.

8.2.1.1 Ensitn Measurements of CRR

This test requires the subgrade matenal to have similar density and moisture
conditions (o those whach are likely 1o ocewr in the subgrade during service, In arcas
where adverse weather conditions are likely to mnake the pavement and subprade
material very wet during serviee, 1ests should be conducted under the wettest
condition which 15 likely to occur.  This will be the most critical tune, and the
pavement needs to be designed o compensate for the lack of subgrade support. A
danger with this methed is the tendency to design the pavement for the selatively short
time perod during the wet season, An altcrnative 15 to design the pavement (o cope
wilh 83 - 90% of the conditions, and during the other 13 - 10% of the time, to limit

access to hight waftic only.
The procedure ¢ detemine the design subprade CBR is:
1. Select sections of the existing road with conditions matching those of the road
being designed. When selecting corresponding sectians, the following featvres should
bz examined:

« subgrade mautenal properties

= aranular paving mateal properties {e.g. permeability)
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» positions of catch drains, able draing and subsoil drains

» 1ype cross scelion (hoxed or drained, sealed or unsealed shoulders)
* depih of cut or height of fill

= shoulder cross fail

e longitudinal grade.

The greater the similarity between caisting and proposed road sections, the more
applicable will be the results of the subgrade evaluation. The reliability of this
method decreases significantly where the above features are dissimilar, and if this is

the case, o differeat mettiod should be used to determine the CBE.

Because these features are frequently similar in widening and duplication work, the

method is usually quite reliable for these jobs,

2 Within these sections, select a nuinber of test posilions. The tests are to be
carricd out in lateral positivns, which correspond 10 critical positions in the new
pavement - generally taken as the outer wheel path. Test posttions should be chosen
m areas free of cracking, to eliminate the effects of infiltration or evaporation through
the pavement surface. However, the number of tests to be carried out will depend on
the variability of the subgrade, the traffic usage und class of the pew road, and other

available information on the subgrade material,

3 With insitu CBR. equipment, the subgrade CBR ar a single depth is measured
al sach test. The dynamic cone penetrometer permits the measurcment of CBR
throughout the {full depth of penetration.  Accordingly, procedures for determining a

representative CBR for each position may differ depending on the test method.

The dynamic cone penetrometer test is most reliable in fine-grained seils.  High
subgrade CBRs obtained from this penstrometer test in sands and gravels should be

further checked vsing laboratory testing or insitu CBR equipment.



Insitu CBR Equipment

Assess the subgrade by visual inspection, supplementary tests with the dynamic cone
penetrometer or on the basis of experience with similar subgrades to determine its
uniformity with depth. 1If the subprade 15 essentially uniform with depth, measure the
CBR at a depth 100 - 200 mm from subgrade level. [If layers exist i the subgrade

{e.g. as for a duplex soil subgrade} measwre the CBR for cach distinguishable layer.

Dynamic Cane Penetrometer

The dynamic cone penctrometer measures the CBR for a range of depihis between 50
and 800 nirn below the subgrade swiface. From the CBR profile of the soil the verticul

uniformity of the subgrade matertal properties can ke delermined.

v Uniform with depth

The representative CBR s taken as the minimum CBR value determined in this depth

over an interval of ai least 100mm.

» Non-umiform with depth {L.e. layers are present)

Providing (hat these layers will be present in the [linal subgrade matenial, the
representative CBR value is taken as the mimmmun CBR value determuined over an

interval of at least 100 mom in cach layer.

If the upper subgrade layers are weaker than lower fayers, then the upper layer will
contred ihe pavernent performance and the design should be based on the CBR of thus

weuker layer.

I the fower layer is weuker than the upper layer, then the pavement ihicknesses should
be designed for both layers, taking into account the thickness of stronger layers asbove
the lower weaker layers. The layer, which then requires the thicker pavement, will

cotitrol the design.
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Figure 71 can be tsed to determine the CBR value of the subgrade material from the

blows per mem ratio oblained from the penetrometer tests,
Impact Soil Test - {Clegg Hammer, and Loadmaster)

The impuct soil test is a dynamic test procedure wsing a falling weight anto the
pavement, Several dynamic talling weight apparatus are available, including the
Loadmaster, and the Clegg Hammer Impact Soil Tester. The basic principle of this
impact fest is that the peak deccleration of the compaction hammer (when it is brought
to rest) is directly related to the resistance offered al contact. This 1esistance results

from the stiffness and shearing resistance of the material.

From intensive comparison tests it has been shown that there is a correlation between
the impaet test results and the CBR of the material. In the case of the Clegg Hammer
this relationship is of the form CBR = t].ﬂ?{W]:" where: IV = Impacl Value, Although
this relationship must be used with some caution, the impact test procedure has wider
applications  ipcluding checking varlations during construction, and  monitorng

changes over Hme,

For  further informnation on the equipment and test procedures consuit the

raanofacturers or suppliers of the soil impact test equipment.
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8.2.1.2 Laboratery determination of CBR

For these tesis suffictent subgrade samples of material are required and an estimale

can be made of the likely submude density and moisture conditions in scrvice.

Note: The Laboratory CBR rfests are uspodly wsed ay a control for
field penetrometer dete rminations.

‘There are a number of dilferent procedures available for determining laboratory CBR

values including:

L Measwre the CBR at ihe design moisttre content and at a depsity
reprasentative of subgrade conditions in service. Two tests should be completed of

cach sample and the lower value taken as the design value.

This procedure provides no indication of the subgrades sensitivity of CBR to moistuie
content changes, and therefore there is no indication of possible errors due 1o the

inaccuracy ol the design moisture content adopted.

2. Measure the CBR for a range of moisture contents and densitics, and
mnterpelate the CBR at the design conditions. This procedure should be used where
in-service conditions will experience a significant range of moisture contents or where

the subgrade materiul is sensitive to moisture changes.

3 Measuring the CBR soil samples which bave been soaked in water for four
days. This test should be completed when the subgrade is likely to experience any of

the following:

+ Flooding travetling over the pavemeni

+ Cuttings are positioned below the water table, or when seepage is
likely

= Wuter table within onc metre of subzrade level
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» Other situations where, because of factors such as high rainfall and
high traffic axle lopds and volumes, soaked conditions are chosen to

menimise the fisk of failure.

—Maoterial
Saompls

Fipure 72 - CBR test apparatus

Since soil samples should be tested at in service conditions, the sample needs to be

compacted. The density of the soil sample should be selected as one of the following:

+ Insitu density of wndisturbed or reworked subgrades (c.g. cuts and
fills) as appropriate

* Minimum standard of compaction achieved in construction of the
subgrades ie. embankments

» Density after volume changes huve occuned from construction

conditions o service conditions

The reducton in density due to swelling in expansive soils can be considerable,

particularly if compaction 15 carred oul at low mojsture contents.
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8.2.1.3 Presumptive Design CBR

The third procedure is based on experience and the analysis of available information
and is particularly useful for lightly trafficked voads in situations where extensive
investigalions are not warranted, or where subgrade and climatic conditions are

similar over large areas.

Making use of historic data and cxperience For specific soils types in local climatic
and topographical conditions will reduce the cost of subgrade evaluation, and will also
help ensure a consistent approach o the detennination of subgrade CBR for that local

APeil.

8.2.2 CBRs Less Than 3%

If the subgrade material has o CBR of less than three then some {orm of stabilisation
ireatment will be required. Stabilisation techniques are inteoduced later in this chapter

and extended further in chapler 9,

The use of a cone penstrometer for the measurement of CBR in soils with a CEBR < 3
will give unrcliable results. This is due to the tendency of the penetrometer to sink

mnto the soil under its own weight.

Pavement material depth

The Graph below has been developed to give an indication of puvemnent depth
requirements for various subgrade CBR values and axle loadings. For ranges outside

the scope of ttus graph the associated equation can be used to determine the pavement

depth required.
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8.3 ELEMENTS OF A PAVEMENT

Therc are three sections t0 an unsealed pavement, all of which contribute to the load

distribution. These are shown in fipure 74, and outlined befow:

Running Course

Bose Coursc

Sub-base

e %\h\\\ \y\ v %\*ﬁ“@ SN ‘*?,N%
\\ \\\ \‘i

R
\‘N &&e@ N\\\N Subarade

Figure 74 - Elemenis of a pavement

1. Running course

Function - Wet and dry stubility
- Good skid resistance
- Runping surlace
- Smooth finish
- Resistance to ravelling and scouring

- Low permeability

dateriak - Even graded aggregatc

2. Base Courze

Function - To withstand the high stress concentrations
immediately below the traffic load and distnbute the
stress to the [ower levels of the pavement and onto the

subgrade.
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Material

3. Sub-base

Function

Material

- Well graded with:

- Good compaction te achieve a high binding effect

- Good crushing strength

- Good proportion of broken faces to distribute load and

take shock losd

- Dustribute load onto subgiade, using cheaper material

than the base course

- Oood compaction

- Good proportien of lage aggregale material

- Usually lower quality aggregate (e.g. rotlen rock) since
it position low down in the pavement means thal i ig

subject (o less suress.

Pavement 2

IESSNNZZZON ]‘

Subgrade

BE=T+D

Figure 73 - Pavement cross section showing ldvalived load distribution
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3.3.1 Types Of Pavements

Three main types of pavements are curtently used for road formation:

Rigid - Concrete pavemenis arc load-bearing structares, which do not

deform under loading,.

Semi-rigid - An asphaltic or bound matertal within lhe pavement

provides a limited amoum of foad bearing capability.

Flexible - These pavements are either chip scaled or unsealed roady
which deform under loading and have oo load bearing cupability. The
applied load 1s therefore distributed completely through the pavement

and onto the subgrade material.

Most forest roads in Mew Zealand are Hexible pavement designs, theretore the

following seclions deal only with this type.

8.3.2 Pavement Material Properties

Pavement matcrial selection is u process of providing a suitable muterial for the job,

and at a reusonable cost. A number of factors determine material selection, including:

= Material availability

s ost of fransponation
» Structural properties
* Durability

v Workability

Often in a foresiry situation the cost of transporting bhigh guality aggregate may be
prohibitive, In these cases ol may be more appropriate to use local material, which
requires little transportation, but, if it is of poorar quality additional guantities may be

needed to provide the design performance. The upper pavement seckion can use

167



higher cost material 1 required.  Three miun pevement and surfacing malenals

commonly used are:

» Earth
o CGravel or Aggrepate Surlacing

* Scaled or paved surface

Earth

Usually these reads, construcied from insitn material, are emly a pilet truck or Light
wehicle wack for establishment or silvicultural work. In flatter cousatry, carth roads
which ave excavated out of the insitu matcrial down Lo g solid base are often lower

than the surrcunding envirgnment, and this become a walerway.

They are therefore used in situations where constant usage, 1oad bearing capacity and
traction are not essential, or where the saii type is such that the excessive waterllow
und fack of load-bearing 15 net a major concern, for example puniice soil which is very

{ast drainimg, and can carry a significant joad.

Cluy-based soils can pravide a good dry weather surface, but will rut and become

shippery during wet periods.

Gravel or Aggregate Surfacing

Unsealed road pavements ace the most common type of forest rosd constraction. The
aggregate matertal acts to distribuke the appiied load over the subgrade, assurning that

the aggregate is well compacted. This is achieved through:

» Depth of material The thicker the pavement, the greater the load distribution
cupability {and rherefore, load bearing capacity, fisure 76).

* Aggregale gradation Well-graded material will perform better than an open
araded material of a single size. Well-graded material bias o good proportion of ll

size of material, filling the volds between the lacger particles. This:

1O
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¢ Elitminates the entrance of air and water
» Provides surface friction between particles

» Improves compaction and binding

« Quantity of broken faces Aggregate material gains some of its strength from
surface friciton between the particles. An increase in the number of broken faces
will increasc the surface contact area between the aggregate material {figuie 77)
and therefore increase the load bearing capability of the material.

¢« Crushing strength Soft material which is easily broken will quickly decriorate
under the constant mation provided by the applied traffic loadings, This results 1n
degradation of the pavement material, which lowers the bearing capacity.

*» Low absorption rate Aggregate material which absorbs water from  the
environment will gencrale problems with shrinkage and swelling, as well as
freezing and thawing during winter periods. Freezing causes not only & build up of
ice on the running surface of the pavement, but also expansion within the aggregatc
material which causes material 1o fracture and break down nto fine material with a

decreased load bearing capacity.

+ Applicd Load

* Applicd Load

Pavemem

| [istmebuted] Arca

Subgrade

Subgrade

Figure 76 - Load bearing capacily of various pavement depths
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Figure 77 - Surface contact is Mereased with broken faces

Sealed Or 1'aved Surface

Sealed or paved surfaces provide a waterproo! running surface with good drainage,
and a friction surlace for vehicle traction and skid resisiance. They are vsed in high
traffic avcas where it is essential that the road is maintuned and constantly open, o1
where high maintenance cosis justifies scaling, Examples of paved or sealed surfaces

inciude:

» Standurd Chip Seai
¢ Agphaltic concrete

o Copcrete

There are curcently & number of good manuals available to roading engincers who

wish to use some form of paving or surtacing. These are:

Giummarra George ). Seafed Local Roads Manual 1995 ARRB Transport Research
fd

National Roads Board New Zealand. State Hiphway povemenr Design and
Rehalrilitation Manwal 19857

Transit New Zealand, Bituminous Scaling Manual. 2nd edition Tronsit New Zealond
Mununl 1993

£
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Base Conrse Thickness

A minimum cowse thickness must be applied to ensurc that adequate pavemet
performance 15 achieved. The overall minimum pavement depth recommended 1s
150mm of pranular materiaf, and the maximum. depth recommended is 475mm.
Designs reaviring more than this should consider stabilising the subseade to withstand

greuter applied Joads.

$.3.3 Agaregate Mixture Properties

Material properties and characteristics wre the most important factor when determining
which material to use for a pavement, but other factors which must also be considered
are cost, availability, and environmental factors. Often, the material is selecled as o
compromise between achieving the desirable properties and acceptable overall costs.

The most desirable material qualities required for an unsealed road paverment are:

» load bearing capucity

» workability and ability to “bind”
v strength

» compactibility

s crushing strength

o well graded

The material property which has a great influence on many of the above characteristics
i the particle size distribution.  Particle size distribution 15 described in terms of
standacd particle size classifications (e.g. gravel, sand, silt and ¢lay) or ulternatively.
the fractions which pass various sieve sizes. A soil-aggregate consisting of a well-
graded gravel sand mixture with 4 small proportion of clayey fines will usnafly be the
most destrable materinl for an unsealed surface since it has a good particle size

distribution, Figure 78 shows the main characteristics and workability properties of:

v 2 good particle size distribution material
« acourse material lacking in fines

&« omaterial with excess fines
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The coarse material lacking in fines will be a porous material, lacking in stability,

which makes it no good for a base course or wearing course, but ideal as a subbase

material.

Properties of aggregate mixtures

DIAGRAM

BT PRI - e
PR P NP Y
oS B
v Ao 00 Wy ol 2
2050550 2o D0
e T A m e
‘Dp Dénﬁ;““-&“.-&
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Type of mixture

Coarse stone

Well graded

Excess fines

low fines coarse to fine
Compaction Difficult Maderate Easy
Flexibility Relatively stiff | Moderate Relatively
after pliant
compaction
Stability Variable Good Fair
Frost Mat affected | Susceptible | Very
susceptible
Crainage Good Low Yariabie
Affect of water | Not much Moderate Vary
saturation on significant
strength strength loss
Chamical Mot very Suitahle Very suitable
stabilisation suitable
Dust Low Moderate High
Roughness High Moderate Variable
Capillary effects | Very low Beneficial High suction
suction potential
instability

Figure 78 - Aggrepare mix properties and waorkability

Jowree: New Zealand Supplement wo the ARRE Unseated Roads Manaal
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Modified Granular Materials

The addition of stabiliser or binder products to aggrepate material produces a layer
within the pavement with increased strength and rigidity. The purpose of using binder
praducts is to reduce the quantity of valuable aggregate required for the pavement, or

o allow low quality aggregaitc sources 10 be wsed,

Cements/Lime

Cement or lime can be uwsed 1o add swength to granular materials. Care must always
be taken when modifying any granular materiad since an incorrect apphcation rate o

binder material wili gencrate difficuities and resolt in unsatisfactory pertormance.

Moast binder materials work by cffectively dehydrating the aggregate material therchy

reducing the shrink and swell effeets caused by water entering or leaving the material.

Thermal and shrinkage stresses inevitably produce cracking in cemcnted materials.

Crack propagation has an influcnce on the pavement performance, depending on:

+ width of cracks

v durability of cemented fayers

* subbase material properties

s location of the cemented layers in the pavemcnt design

* properties of the overlaymg material

Bitunien

Bitumen stabilisation can be used on a wide range of aggregate matenals, including
gravels, fine crushed rock, and sandy material such as loams and clays. Bituminous
stabilisation does not effectively increase the strength properties of a material, rather i
reduces the effects of moisture shrinkage and swelling (owing to the waterproofing
pature of bitumen) and therefore reduces the permeubility of an aggregate material or

luyer within a puvement, Bituminous stabilisation is thercfore used tor floodway
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pavements, or other pavements subject to saturation conditions, and for waterproofing

layers or barriers,

Other alternative stabilisation products or methods, including geotextiles and corduroy
road construction methods can also be used to enable the subgrade to withstand the
applied loads and reduce the quantity of valuable aggregale used. These wechniques as

wizll as the above stabilisation products, are discussed further in chapter 9.

84  DESIGN FTRAFFIC

There are a nwmber of traffic loading faciors which aftect pavement deterioration:

* [yre contace areas

= [yre conlact pressures

» axle joadings

+ frequency of loadings

= quantity and severity of shock [oadings (braking}

= number and spacing of axle groups

Pavement design for forestry roading Is unusual o that there is always a high
proportion of high axle loadings being applied to lhe pavement, and only lower
volumes of low impact, light vehicular traffic.  Another aspect unique o forestry
roading is the use of off-highway, oversize, heavy vehicles which can have axle

toadings that exceed the legat highway axle loading.

The design traffic is expressed in termy of the number of standacd axle load repetitions
in one lane. The design watiic is given in terms of the Equivalent Number of Standard

Axles (ESAs)Y, and is determined by:
» present or expected traffic volumes

o distribation of vehicles

» axle types and loadings
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» traffic prowth rates

= design life of the road (before major rehabilitation is required)

8.4.1 Axle l.oad Equivzlencies

The cumuolative damaging effeet 1o the pavement of the design traffic expressed in

ESAs is siralar 10 Lhat winch would result from the actueal spectrum of axle loads.

A wide variety of axle spacings and configurations of tyres and axle scis aee used for
heavy vehicles working within the forest.  To underiake pavement design, these
configurations need to be simplified inte o small group of standard axle sets and
loadings. The standard axle used 15 an B0 kN duul-tyred single axie. This is o single
isolated axle {not in any closely spaced group} which carries a load of 80kN (8,155
tonnes). Each dual wheel load s taken as being applied o the pavement on Iwo
circular areas with centres 330 mm apart, and with a uniform contact pressure of

550kPa (figure 79).

B0 kv [.pad

Single Axic

Duoal Ty n:\

Favement

Figure 79 - Standard 80 kN axle

For design purposes, axle proup loadings are generally considered in terms of the

[ellowing four types:

» single axfe with single wheels

* single axle with dual wheels
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s tanciem axles with daal wheels

e triaxles all with dual wheels

Table 26 shows the foads on each of these axle configurations, which are considered

to cuuse the same amouat of pavement damage as the standard axle.

Axle Single Single  Single Dual  Tandem Dual  Triaxle Dusl
Configuration
Load (kN) 53 B0 133 181
ftonnes) 54 2.2 13.8 8.5

Table 26 - Axle loady causing equal damage

Notes:

¢ Tundcm axles which have dual wheels on one axle and single wheels on the other

may be considered to be equivalent 1o tandem axles with dual wheeis on both.

+ Tandem axles with wide axle spacings (in excess of 2.4m) can be considered to be
single axles with the total load on the spread tandemn configuration being divided

equally between the two single axles.

+ Twin steer axles can be considered to be equivalent 1o tandem axtes borth with dual

wheels, which are loaded to 1.5 times the load on the twin sleer axles.

» For cther axle groups not expressed in the above table, the damoging effect iy
expressed as the number of standard axles which produces the same damage, and s

calculated using the follawing equation:

LM
Mo. of Standard axles for sarne damage = { Load on axle group }

Appropriate load from Tabde 7.1

The exponent (EXP) value is dependent on the pavement material type and the

pavement contiguration. Typical values {or EXP ave given in table 27,
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Dominant Distress Mode Value of LXP
Subgrade Rutting 4
Asphalt Fatigue Cracking 5

| Fatigue Cracking of Cemented Malerial 12

Fuble 27 - Load equivalence exponent

Axles passing uver 4 pavement generate stresses within the pavement which are
transferred (o the subgrade. There are 1wo main types of stress induced within the

pavement:

« Resilient Strain - defonms as the axle load is applied, but rebounds
when load 1s rernoval

¢ Permanent strain - deformation remains after axle load has passed

Applied Load

Pavement

F 72z

Resilient Seram

Permanent Strain

Straen Curve

Figure 80 - Permanent and Resifient Streins

i
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The permanent strain causes damage to the pavement, Every time an uxle group
crisses a given point on a road, il causes a minute amount of peemanent, incremental

damage to the pavement, (figure 30},
When the number of passes of the configuration is equal 1o the number of ESA loads

for which the pavement was designed, the pavement will (in theary) have deteriorated

10 the point where it is no longer useable, and needs (o be rehabilitated.
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CHAPTER 9 - PAVEMENT CONSTRUCTION

90  INTRODUCTION

For a long period, most of New Zealand's rouds including forest roads have been
constructed from aggregate (premium and marginal) which, over the yews, has seen
the resources of these apgrepates being depleted at an increasing rate. There iS now
maore than ever o responsibility 1o preserve these und other resource supplies and

oplimise the use of materials in the most appropriate situations,

With the onsct of the resource deletion, there i5 now a need 1w source alternatjve
materials, and 1o stabilise o modify them e meet the strength and duwrability

requirements of the pavement.

The pavemnent needs to suit the site condibions, design traffic Joadings, and to utilise

local materiais imparted and insitu in the most cost effective manner.

This reguires the “designer” andfer contractor to have a knowledge of:
¢ The end use load conditions and the material propertics necded to meet
these condiiions,
= The properties of the availabie muterials they are dealing with,
» In what way the properties don't meet the pavement requirements,
¢ [low those properties may be altered by stabilisation with the
appropriate binders and specified/constructed in an appropriate maaner,

to meet the pavement reguirement,

A number of products and (echaiques vsed for subgrade and pavement stabilisation

ure described in this chapter.
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9.1 SUBGRADE AND PAVEMENT STARILISATION

There 1s & very wide range of soll types in New Zealand, and many plantation forests
are located in areas where the sotls are weak or unstable. Te provide a pavement with
sufficient strength to support a fully laden logging truck requmires a good quality
aggregate pavement. However, pood quality aggregate is a scarce resource.
Stabilisation techniques can be used o improve the properties of the subgrade or the
pavement, and thus provide uscful savings in good quality aggregale, which will

reduce road construction and maintenance costs as well as vehicle operating costs.

Road pavement materials which are generally considered unsuitable can be modified
using stabilisaticn techniques and products to improve their deficiencies, allowing
them to be used to advantage in read pavement structuees (2.g. reducing particle oss
due to dust, rutting, petholes and corrugations). Stabilisation can therefore he used to
reduce maintenance costs, improve material properties and provide a better wearing,

all-weather road pavement,

Modifying a material’s properties by stabitisation generally reduces its plasticity, and
controls the range and variation in strength, which oceurs naturally.  Most often this
form of stabilisation is used for clays where shrinkage and swelling factors vary the
material strength, workability and performance. Modification of this material makes
it more workable and more predictable, improving its usefulness as a pavemenl or

subgrade material.

Materials stabilised by moditication do not always increase in strength. Cementation
stabilisation however, will increase strength and stiffness, allowing, in some cases, a

reduction in pavement thickness.

Nete: Where unsealed road pavements are rowtinely graded cnd
reshaped during regular matnfenance, the wearing course is usuafly
enily stabilised by modification.  Pavements which are stabilised by

cementing aciion canmol be euyily maintaimed &y grading.
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To choose the stabilisation product best suited to a material and operation, a nomber

of fFactors need 1o be considered.

stabilisation echnigques: modification and cementation.

As mentioned above, lhere are two main

Either will give the basic

stabilisation required, but other factors will influcnee the Mnal decision, including:

» Weather conditions,

Extreme conditions can influence the type of stabilisation

product to be used. For example, mechanical stabilisation techniques can generally

be vsed n any condition, whereas lime stabilisation is generally best suited 1o hot,

wel conditions, and bittmen is best suited to hot dry conditions. Cement may

encourter difficultiss in any extreme conditions.

+ WMamlcoance regimes.

If regular grading and surface reshaping is part of the

muintenance regime then modification stubilisation techniques will be required.

= Quverall cost. Some stabilisation technigues and products can be expensive. Gains

from the stabilisation need to ourweigh the cost.

Stubilisation | General Range of Soil Type
Wethod Additive Sands Sandy | Sand - Clays | Silty Soilg Heavy Clays
(e of Tonal Mass) oravels

hechanical 10 - 50 Wariable Copd £3pond Eair Thtticult
Crement l.6 Wariafsla Yarahle Good Fair [T
Lime -4 Poor Pagr Good Good Foir
Bitmen [ - 10 Fair 1o Goad Gaod Good Fair [htficul
Emulsians 4 - |1 Err te Gl Gued Bair tg Good Eair Difficult

Chemical
Cootextile

See wext for cormimant on these methods of stabiligation

Motes: B The mange ol addidive o be veed 35 o guide only
2. Lime conlents are gxpressed as eguivadent [00% pure hydrated Line

3. Adwvice on the correct amgunt of additive i use should be sought fallowing a thorough analysis of
waterials and condinony for use

sabilirarion

Source: ARRE {993: Unsealed Roads Manual
Table 28 - Resulis of reating various spil types with common methods of
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9.2 STABILISATION BENEFITS

Stabilisation can be defined as the treatment of materials to improve and

maintain the engineering properties of soils.

Stabilisation can provide major recognised benefits for forestry roading of all sizes
and significanily offers an acceptable, cost effective, environmental alternative to

conventional desipns that rapidly diminish resources of premivm products.
The proparties that are usually altered by stabilismion include:

s Soength Strength increases vecwr with increasing binder content for any

given aggregate or so0il

For modified soils and agpregates the shear and bearing
strenoth increases with binder contents with little to oo
tncrease i tensile  strength .Wilh cemented seils and
aggregates a further increase in shear and bearing strength
geeurs, with development of significant tensile strength and

increases in siffoess,

= Sriffness Bitumen will retain flexibility wn materials while achicving

long term sirengths

¢ Volume Stability  Lime reduces plasticity by increasing the plastic limit and
decreasing  the liguid limit all of which wmprove Lhe
engineering properties and the sensttiviy to changes in

Moisture content,
» Plasticity KOBM binder and Durabind™ reduces plastieity and

neutralises clay swelling mineruls within an aggregate which

unprove the cngingering properties
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+ Durability

« Workabibuy &

Permeability

s Water

» Cracking

Even small amounts of binder can greatly reduce moisture-

induced swelling and shrinkage

The chemnical reaction products of binders with soil and water
are seti-permanent in that they arc not reversed by the
presence of water. Haowever, external influences such as
traffic loadings, wetting/drying and frost can cavse physicat
damage to the stabilised material if design, construction or

maintenance s inadequate.

Decreased permeability thus giving mote protection to
subgrade. [f 2 material has too high a permeubility, sottening
of the pavement or subgrade may occoer due o water

penetration resulling in damape by watfic loading

Stabilised soils resist aliernating wetting and drying or
freczing and thawing to an increasing extent as the binder

content 1% increased.

Prolonged exposure to water produces only slightly

detrimmental effects

In practical terms, cracking in paverents 1s not 4 problem
with KOBM binder and cement or Durabind"™ modified

materials, given adequate pavement strength

For cemented materials {l.e. cement applicaions of 3%+)
adequate  design consideratons need to be addressed to

gilminate cracking potential,

Most stabilisalion teatments will alter many or all of these properties at the same time

and the correct use of stabilisation requires identificution of the properties that require
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altering, and the effect the stzbilising process will be on these properties. Many types

of stabilising additives are available, but the most common types are;

Lime Cxide
Bitumen

KOBM binder

s ement

*

Durabind

Soils and aggregaies have a wide range of properties. Consequently the reaction of a
specific material with any particular stabiliser cannot be determined by simple
observations, or by defining the soil type. Instead, some form of laboratory testing
should be carried out to determine the response of the particular soil with the
stahilising agent{s} being considered and consultation with industry specialists should

be carried out.

9.2.1 Stabilisation of Pavement Layers

Terminelogy fur the pavemnent layers s shown in figure 74, The pavenent layers,

with the benels w cach from stabilisation, sre described below.

Subgrade;

When a relatively weak subgrade 15 stabilised insitu by lLime, cement, KOBM
Binder™ or Durabind™ to a designed depth, it replaces that thickness with a material

with much greater strength. This offers the following benefits:

» Reduces the thickness of granular cover reguired over Lhe subgrads
with significant cost savings.

= Provides a working platform to allow access for construction,

» Creates a solid foundation on which pavement layers can achicve

subsequent higher compaction density results,
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» Reduces or eliminates intrusion of the subgrade materral into the

subbasecourse and basecourse.
= Provides a relatively moisture-tolerant support for the pavement.
o Construction  activities zre more expodient and simplified than

alternative methods t.e. digout replacement methods.

These benefits can result in cost and construction time advantages.  The cost

advantages are lkely to exlend to future maintenance and rehabilitation cost savings.

Suhb-base course:

Stabilisation of the sub-basecourse, using either imported or insitu materials, can offer

these benefiis:

v Provide a working platform over a weak subgade.

» Reduce the required thickness of the base layer,

» Reduce or eliminate intrusion of subgrade material into the base.

» Provide a relatively moisture-toleriant paveinent layer.

« Enable the use of 2 “marginal” aggregate as a promium agglegate at a

relatively lower cost.

Basecourse:

Stabilisation of the buscoourse layer can offer these benehis:

Compensate for deficiencies in the basecourse apgregate.

Reduce the sensitivity of the basccourse aggregale.

[ncrease wlerance of the basecourse 1 heavy axle loads.

Increase the life of the wearing surface by reducing pavement

deflection.

L

Enable the vse of a “marginal™ aggregate as a premium aggregate

at u relatively lower cost.
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Running course;

Generally cement, lime, KOBM Binder™ or Durabind™ and biluminouos stabilisanon
will not provide a surface that bs sufficiently resisiant to traffic for their use as a

pertnanent wearing course on sealed roads.

For unsealed roads, stabilised bases or weartng courses are usually signilicantly more

wear-resistant than unbound aggregate bat they will still require maintenance.

This maintenance frequency however will be signibicantly reduced in commparison 1o a

conventinnal unbound sggregate option.
0.3 PRELIMINARY ASSESSMENT OF THE TYPE OF STABILISATION
REQGUIRED

Ti gain @ preliminary assessment of the type of stabilisation required for a particular

pavemen! material, particle size distribution and Alterberg limits are commenly used.

The uvsuad range of suitability of various types of stabilisation i bused on the
percentage of material passing the 75vm sieve. This provides a goicde for more

detailed studies with purticutar materials and particular statnlising binders.

Adequate rargeted testing needs to be undertzken to result in the most appropriate
stabilisation opiton. A (ool available is the CBR quick test which will give an
indication of reactivity, and eftectiveness of the stabilisation option, within a very

short time allowing quick on site assessment of oplions.

The upplicability of the diflerent types of stabilisation to u range ol sizes of soil

particles is indicated in table 29 & 30 (Ingles & Metcalf 1972).

Voleanic soils:

The differcnce berween most voleamic soils compared with other soils 1s the rate

which reaction oceurs. Any improvement which is 10 be gained by mixing lime with
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volcanic soils is gained within howrs of mixing, consequently any pre-treatment o

conditioming is undesirable.

Ovarwet seils:

Excessive water can he removed from soils too wet for treatment in the normal

mannet, using quicklime in the powder form.

When the excess water has been

removed 50 that the water content of the treated material is within 3% of its optimum

waler content, stabilisation is carried out in the normal way to produce the desired

strength i the luyer being upgraded.

CLAY SILT SAND GRAVEL
F 2| C F M| C | F| M C
{.002 0006 | 002 | 00630206 | 2 6 | 20 | 60

LIME

LIME &
CEMENT

KOBM
BINDER™

ROBM
BINDER™ &
CEMENT
DURABIND™
CEMENT

BITLMIN

S e S T
po s AT

e i S e 0 oW

Sowrce: Ingles & Metcalf 1972

Table 29 - Applicabviliry of stabilisation methods based on soi particle size
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TYPE OF PROCESS EFFECTS APPLICABLE SOIL
STABILISATION TYPES
LIME Chemical aiteration of ctay | Improves handling Suitable for cohesive soils.
minerils. propertizs of cabesive | Reguires clay components
materiak, in sail that will react with
Reduced plasticity. lirue,
Low additive contents: | Organie materiat will retard
Cementitivus inter-particle - Decreascs or prevent effective
bonds developed, susceptibility to reaclions.
miHsUre changes.
- Improwves sirengrh. Sulphates cian cause
swelling.
High additive contents;
- Increases modulus
and tensile strength.
CEMENT Cementilious mter-pariicle | Low additive contents: | Mot limited — some
bonds are developed. - decreases deleterious components
susceptibility to {organic, sulphate atc) ¢an
mstLce changes retard or prevent cffective
- [nereases strength. coement reaclions.
High additive contents: | Suitabde for granular soils
« increases stiffness and | but inelTicient in mainly one
tensile sirength sized materals.
significantly,
RGBM BINDER™ bModifies particle size Increases Strength As for cement siabilisation
& distnbution and develops — cun be used when soils are
BURABIND™ cementilious inter-pagticls Reduced plasticity, nol reactive ro lime,
bands
- lnercases modilus Suiable to alter marginal
and tengile strength, aggregates bo cqurvalent
preminm grate
Chemical alteration af elay Orgume mareriul will retard
ratnerals Lo hydration ot prevent etfective
products reACtions,
BITUMEN Agglemeration of fine Waterproof — also Applicable to gravular low

partictes

impeoves inter-particle
cohesive strength.

cohesion, low plasticity
materials,

Tanle 30 - Application of stabilisation {after NAASRA 1956)
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44  MODIFICATION OF MATERIAL PROPERTIES

dlodes of stabilisation:

UNBOUND MATERIALS — materials such as natural gravels, crushed rock and fine
grained soils which do not exhibit significant tensile strength and resist traffic loading

throngh a eombination of cobesion and internal friction belween particles.

MODIFIED MATERIALS —~ Unbound materials o which smuall amounts of

stabilising binder have been added, wsuully o either;

Correct a material defliciency (e to reduce plasticity), without cansing a significanl
increase in strucwral stiffness; Increase the sirength, and/or reduce the moisturc
susceptibility of fine grained sotls 10 form o working plattorm or lower sub-

basecourse luyer.

At low binder application rates, the cementitious honds are likely to be weak relative

to applied traffic and thermal stresses and may be discontinuous.

The modified malerial is likely (o have:

* Nosignilicant tensile strength

s Decreased permeability, although permeability may increase in clayey soils.

Modified materials are usually considered to behave structurally as vnbound granular
materials, However, some modificd materials gain sufficient strength with time to be
considered as bound materials and should therefore be assessed as bound materials for

leng-term performance considerarions.

KOBMbinderT™ aor DURABIND modification process: KOBM (Kontinuous Oxyecn
Blast dMaxiite) binder is a by product from the steel making process at  Glenbrook
Steed Mill. Lime is added to the smelt to remove impurities from the steel products

some of which is retained in the resaiting KOBM binder.
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The molten slag leaves the furnace in large crucibles which are tipped ino a bunded

area, quenched liberally with water and allowed to weather,

The composition of ready to use KOBM binder is:
Ca(OH); catcium hydroxide or free lung
C5F (substituted) dicalcium ferrie

Glassy material

A reaction oceurs between the bydreated lime in the slag and the clay mincrals in
roading apgrepates and is complemented by complex reactions with a substituted
dicalcivm ferrite in KOBMbinder, Chemicut initiators, such as cement tor KOBM
binder, or other initiators contained in the purpese designed Durabind blend, are
required for the reaction to occur within 2 sensible timeframe and (o increase the

bydration products generated.

BOUND MATERIALS - we produced by the addition of stabilising binders {usually
cementitous in pature) o granular materials in sufficient quantities to produce a bound
material with significant tensile strengih. The bound material acis like a *beam’ in the
pavement 1o resist affic loading and hus considerably increased stroctural capacity
compared with unbound granular and modified materiais, but shrinkage cracking

necds to be controlled in pevement basc layers.

I greatly reduces the moisture susceptibility of some soils, giving cnhanced volume

and strength stability under variable moisture conditions.

It can cause the development of inter-particle bonds in granular matenals, endowing

the stabilised material with tensile strength and high elastic meodulus,

Yolume and Moisture Stability

Small additiens of cementitous binders have large cffects on the volume stability of

expansive matertals  without necessarily leading o significanl  strength  gains.
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Cementilous binders, by binding the particles, will greatly reduce oisture induced

shrinkage as well.

Therefore, whiie the plastic properties are widely used to classify the volume stability

of pavemnent materials, they are not appropriate for cementitously-bound materials.
Water Quality

Water for cement stabilisation should be parable, free from organic material and

conlain lesy than 0.03% sulphates.

Where possible, the actual water source 1o be used in the licld should be used for the

laboratory testing programnte,

The water source for curing cement-stabilised materials should also be assessed. Carce
should be taken when using saline waters for curing as they can cause a build up of

surface salts which can interfere with the adhesion of future scal coats.

9.5  STABILISATION TECHNIQUES

95.1 Lime

Lime can be applied to soils in either the subgrade, subbase or basecourse layers.
Which layors to treat is an engineering decision of some importance. The term “lime”
is comunenly vsed 10 describe a pumber of products including quick or burnt lime, and
hydrated or slaked lime. Cuick lime and slaked lime are the only types of lime which
can be used fow stabilising soils or aggregates for road pavement construction,
Slacked lime {5 quick lime which has been hydraed, left to set, and then crusied into

a workable powder.

Many clay soils (though not all} are improved by siuabilising lhem with lime.

Improvements include:

= Sail strength is usually increased
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« Shrinkage and swell actions arc reduced

« Water content of the natural soil is redueed, (quicklime requires
Waler 1o react)

* Clay becomes moie friable and easier 1o work

+ Clay becomes slightly more porous, allowing better drainapge

Lime stabilisation improves the durability and smoothness of unsealed roads. It can
also help reduce dust problems. For forest roads, 4 stabilisation depth of 150 mm
would be appropriste.  Additional information on lime stabilisation s available 1n

Trangit NZ publication TR2 Linre Stabilisation for NZ Roads by R.I. Dunlop.

Lime stabilisation is still an expensive treatment For forest roads. However, although
the initial costs are high (approximately $4.50/m” for 150 mm thick stabilised layer),
the overall cost of the stabilisation should be weighed against the benelits of kower
road maintenance and vehicle operating costs, and a possible reduction in the amount
of aggregate required. Mechanical properties of lime stabilised materiuls increases

with curing time.

For each material type there is an opimum quantity of lime content beyund which the
addition of further quantities wiil provide little or no additional benefit. The correct
amount of lime to be used {percent by mass} depends on the amount and type of clay
mincral predominating in the material. Small quantities of lime (1 o 3%) may reduce
the plasticity index, and be sufficient to stabilise some materials such as clayey gravel

which have good grading but moderately high plasticity.

Maierials: Lime reacts with most plastic materials. However, testing is necessary 10
determine the reachivity of the material to lime. U has been found that some poorly
graded clayey sand and gravels, when treated with small percemtages of lime, can

become [riable ind even completely non~colizsive leading 1o failures,
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Frocedrere: Construction of a lime-stabilised material is essentially very simple:

I. sprcad iime onto the material
mix and add water to improve compacablity

compact the material to seal the surface

B b

leave to compleiely curc before either allowing traffic to pass over

the maierial or the placement of pavement material

General Qbservations:

Lime treatment is not 1 single one-way process

» Subgrade swabilisation with lime is not recommended where heaving eceurs due to
freeze-thaw action

+ {rganic soils, or 50ils containing significant percentages of organic material, do not

react to lime

« Trial seetions of road are uswvally the best way of determining the performance of a
stabilised road pavement

v Adequate dramnage must be supplied during and after stabilisation

» Shaping of the surface should be undertaken to encourage drainage and provide
tight surface {inish

s Sufticient tine must be allowed aficr stabilisation before trafficking the road

+.5.2 Portland Cement

Cement docs have an effect on clay soil but in most cases the improvement s ot as
great a3 for lime. However, cement can be most suitably used to upgrade poor guality

rock, gravel or sand,

Technical and construction details are contained in Transit NZ publication Cement

Stabilisation for NZ Roads by 1.B. Tail.
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Generally, if cement stabilisation s being considerced, then professionasl enginecring
advice should be spught before proceeding, since the amount of cement applied and

the use of correct application techniques are critical for success.

Ccment blends with lime, slag or bitumen are commonly used to make the prucess
more workable (1.e. Jess susceptible (o delay in compaction, less likely to erack over
timed, and to reduce the cost of using larpe quantities of cement. Fly ash nixtures can
reduce the Optimum Moisture Content for compaciion. Lime and cement mixgs can

be used to stabilise clay-based, ar high clay content gravels,

What Does Cement Do?

Cementution 1y the tormation of cementilous hydrates which increases the eohesion
between soil particles. The mechanical properties ol cement-stabilised malenials
improves both with cemeat coatent (up to a point), and with time, The effect of
Portland cement on granular material is to “glue™ the particles together 1o form a
stronger mass.  The cement effectively reduces the material's susceptibility to
mosture, thereby reducing shrinkage and swelling. A typical quantity for the
treatment of pravel pavement is | o 3% by weight.  Additional cement can be
detrimentat, eading to cracking of the surface layer which allows waler to enter the

pavement.

Use Of Cement On Forest Roads

In many foresl areas there i a lack of good quarry aggegate for roud maintenance and
pavement construction. lo most cases he local aggregate can be upgraded by adding »
small amount of cement. With coment there is only a limited time in which to work
before setting of the cerment takes place - noymally there is no second chance in the
event of o sudden change in the weather. Mixing of the cement and aggregate shoukd

e complered before water is applied.

S5



Cement Stabilisation

Cement stabilisation procedures are not conunonly used for unsealed road pavement
designs. Cement is generally not an appropriate form of stabilisation duz to the bonds
formed between particles being very week and unable (o resist traffic action, Using
cement stabilisation for the running/wearing course restricts the maintenanee gractices
becuuse reshuping et hreaks the cemented bonds. Cement stabilization 15 however,

suited 1o sub-hase stabilisation.

FProcedure: Unlike Lime stabilisation, cement cannot be reworked following initial
mixing.  After the addition of moisiure, adequate compaction must tuke place o

ensure that the material is compacted and shaped before the cement sets.

2.5.3 Bitamen

Bitumen stabilisation is effective on granular materials, and oo sandy soils which have
low cohesion and low plasticlty. These stabilising agents act as cohesion agents in
granular soils, and as waterproofng agents in clayey soils. This is a relatively shot-
term pavement improvement solution involving the spraying of emulsion (a2 mixure
of bitumen and water) on the loose aggrepates. The process involves the use of o
powet grader tor scanfying and mixing the aggregate. A water tanker with or without
pressure spray s used to apply the emulsion and then the materials are mixed, tad out,
shaped and compacted. The treatment will improve the stability of the basecourse us
woll as reducing dust. Depths of from (0to 130 mm can be treated.

Applications of thin films of bitumen produce a sironger material, and thicker films

create a weaker, less permeable material,

Applying cmulsion to an existing pavement is a simple and cost offective operation,

howewver, it will need o be repeated at intervals of approximately 6 months.
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Bituminons Stabilisation

Bitumen stabilisaion is esseatially limited to stabilisation of the wearing/tunning
courses of unsealed pavements. The bitumen binder provides cohesion for non-plastic
riateriais and acts to waterproof the pavement. Bitumen stabilisation is generally best

suited 1o granular materials such as gravels, sundy loam, sand-clays and crushed rock.

Procedure:  Coustruction practices are gemerally similar to other stubilisation
products, except that compuction is generatly delaved 1o allow the mix to aerate, and

CXCOES Wl 1o evaporats.

9,54 Other Chemical Producis

There are various other products on the market which claim to be cffective in reducing

dust and stabilising pavements.

Chemical Stabilisation

Chemicals are used for chemical stabilisation including:

o Calcium Chloride - a sull chemical whichacts 1o hind the matenial
and [orm a hard surface. Good mixing of the chemical with the
material provides for a good cffect, and wwo separate light
apphications at different tienes provides a4 hetter service than ope
smgle application.

» Sodiem Chioride - has a similar action 10 calciwm chioride.

s Mapnesivm Chloride - Not often used in New Zealand,
Some chemical slabilisation compounds provide not oaly a binding aciion to form a
hard surface bul also some limued dust suppressant action.  However, chemical

stabilisatien can have dewrimental effects, including:

= chermical leactung inte waterways
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e causing (or worsening} rusting in vehicles

s Jow life expactancy

Enzymes - are @ nawral biotagical product, which are becoming increasingly conunon
for use as the basis of a variety of stabiisation and dust suppressant products. The
mechanism by which enzymes stabilise a muaterial is 2 very complex molecular
process, Essentially, when the emzymes of a soil stabnhser are mixed with water and
applied to the soil, they cun act by breaking down the clay latice (i.e. breakdown of

clods) or combining clay purticles with organic molecules.

Enryme stabilisers are especiafly designed to stabilise clay-based materials.

9.5.5 Mechanical Stabilisation

For the satistactory performance of an unsealed pavement, the correct material
properties and grading are required, (see chapler 8). Essentially, the sddition of sands,
ciays ctc. maodifies the particle size distribution (grading), plasticity, strength or
shrinkage characteristics. The required reswlt can be achieved by either importing
guality material which has the nccessary qualities, or maodifying the existing or
available matenal to improve its quality.  Mechunical stabilisation mwvolves the
mizing of twi or more selected materials to modify the particle size distribution or
plasticity. Mixing can be carred out onsite or at a guarry ot pit prior o lrunsporidtion.

An alternative is 1o use rock crushers or grid rollers onsite to crush existing material.

Suitic or portable vibrating screens can be used to scparate material into appeopriate
sizes (and gradings) prior w delivery and mixing, Laboratory tests of both the
material 1© be treaied and the stabilising matecial is necessary to ensure that the

desired end result will be achieved.
An gxample of mechanical stabilisation is 1he blending of a granular material lacking

in fines with a sand/clay mix. The finished matevial will have improved strength,

abrasive resistance, imperviousness, and compactibility,
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9.6  STABILISATION EQUIPMENT

A wvariety of machinery and equipment can be used for stabilisaion products and
procedures, Various purpose-buill machines have been designed to mix the material
and add the siabiliser at the same tme, generally giving unilormary of mixing.
However, in most torestry siwations, the addition and mixing of stabilisation s

usually completed using praders, rolary haes, water tankers and spreaders,

The choice of machinery used for o project 13 determined by & number of factors,
including:

v Source of materisl w be stabilised - insiwr or imparked

+ Size of the project

e Typc of material to be stabilised

o Availabihity of machinery

* Availability of uained persennel

+ Type of stabiliser 1o be used

%7 COMPACTION

ALl *virgin™ natural soil, as well as Joose soil, contains many air-filled spuces. These
spaces fead to shrinkage when pressure is applied. To he able to use any soil as the
base of a road, it must be stabilised to Lnprove it 1o & standard which allows it to carry
taf{fic even under unfavourable conditipns of weting and drying, One method of

stabilisation is o compact the material 1o form a bard base.

071 Natural Consolidation

Consolidation of seil will occur naturally, over a long period of time. as a result of:
* The action of gravity
+ VYarying weather conditons (c.g. shrinkage due w moistore

reduction or decompaosition)

Natural consolidation is not the prelerred method of compaction of forestry roads.
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9.7.2 Compaction or Controlled Densification

Compaction consists of redocing the apparent volume of the soil by mechanical
action, Coampuction reduces the void's increasing the soils density, and therefore s
bearing strength. The poal is to re-arrange the particles in such a way as o give the

oreatest density. This also leads to less waler absarpiion.

9.7.3 Optimum Moisture Conient

A small amount of water in the soil acts #s a lubnicant, and helps to re-arrange the soil
particles in relation 1o each other, aiding in the expusion of air voids from beiween
the particles. Excess water will prohibit effective compaction. There is a moisture
content level at which maximum compaction for a given amount of effort is rcadily
obtained this is known as the Optimum Maisture Content (OMC), Optimuin Moisture
Content varies between soif types. [n the ficld, the water content of soil is likely to
vary considerazbly, and adding or remeving water te achieve OMC may be necessary.
OMUC tests can be completed in the laboratory using soul samiples. However, for mast
forestry roads this is 100 cxpensive, too time consuming, and requires reascnabie
technical knowledge., Prior knowledge by the mading enginesr, and & few on-site

tield tests is the mast commonly used alternative. These field tests include:

» Firmly squeezing handful of soil. [T the finger imprints can be seen
in the soil without any water pozing through the fingers, then the
soil is likely (o be near ity optimum moisture content.

» Rolling the earth into & ball. The ball should be smooth when it is
rolled once or twice m the hand,

» Rolling o picce of clay into a thread. When Lhe clay starts to
crumile on reaching « diameter of 6rum o1 slightly less, then the
clay is near the correct water conternt for compaction, This test can
also be used for silt-clay mixiure soils.

» Visual inspection. Silt should look dry and a Hght colour before
compaction.  If the silt darkens after the fiyst rofler poss, then the

moisture content 15 probably 1o high,
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Compaction is usually achieved using a vibrating or non-vibrating steel drum roller, a
preumatic-tyred roller, or a grid or cleated roller.  They all have their own
applicalions, section 9.3.4 describes compastion equipment i detail. A large steed

drum vibralory roller 1s often considered the best for general purpose use.

Prior to the compaction process, the layers should be checked to ensure that the
moisture content 15 uniform, and that there are no patches of segregated material.
Equipment should also be checked for ballasting of rollers and ppeumatic tyre

Pressuras.

Compaction will improve the soil properties without admixieres by removing ar
voids, increasing the soil’s durability and  resilience, and  decreasing s

cumpressibility, permeability and expansion.

974 Compaction Equipment

There is a wide variety of compaction equipment available, following are descyiptions

ol various compaction equipment and the situations that each is best suited for.

Power Rammer

These are small compacters, usually operated by hand and hence with a relatively low
output in terms of volume of compacted solithour. Generally these compacters are
used for compacting material which has been backfilled into excavations in confined
spuces, such as in wrenches, around culverts eic. Compaciion of materind using a
power ramumer should be completed in layers - for granular soils, layers should not be
moere than 23)mm thick, wheteas for cohesive soils, layers should be no more than
200 mm thick. Power rammers have a vertical mevement ranging frem 12mm 1w

[50mm at frequencies of 20 to 200 blows per minute.

2



Vibrating Plate Compacters

These compacters are available in weights ranging from 50 to 130 kg, and have an
operating frequency of 400 o 10000 vibrations per minute, with low amplitude.
Yibrating plate compacters are used to compact layers of 75mm to 1 10mm compacted
thickness of most materials, and are ideal for smail areas (up to 20m®) requiring 4 10 6

passes for optimum compaction.

Single Drum Yibratory Rollers

These compacters are hand operated, and are ideal o praoular miaterials with
compacted layer depths of up (o 20mm with 4 to 6 passes. They operate in the high

frequency, low amplilude mode.

Powered Deadweight (Static) Rollers

Powered deadweight rollers compact material by pressure only. Loose layer thickness
of 100 to L33mm of material are compacted at any one time, 2nd a large number of
passes are generally required 1o obtain {ull-depth compaction. These rollers compact
from the top down - only the first 50mm of materiul is usually compacted by the fist
four or five passes, and a further 20 or 30 passes may be necessary to complete
compaction. One major disadvantage in the use of these rollers is the breakdown of
the upper compiteted material which can prodoee excessive fine material, affecting the
quality of the basecourse. Various types of rollers are available including tandem and
lhree steel wheeled 8 10 12 tonne rollers, sheepsfoot and grid rolers which are used

for bulk material compaction.
- Smooth-wheeled rollars
Used for the conmaction of crushed rock, gravels, sands and other granular materials,

in general they are not best suited to silts or clays. The performance of smooth-

wheeled rollers depends on the mass of the roller, and the width and diameler of the
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rolls, The compaction depth of the tayer for satisfactory results depends on the mass

of the roller, but can be up to 430mm for cmbankaoents, and 130mm for subgrades.

- Multi-iyred Pocamatic-tyred rolters

These rollers are vsually sell-propetled, with smooth tyres an two axles in an odd-
even nember arrangement so that the wheels on one axle track in the gups between the
wheels on the other axle. The mass of the roller can be increased by altaching ballast,
and the lyre pressure is sometimes variable, Fine soils with Liktle or no cohesion {e.2.
sils, sandy silts, well-graded sands, and clay soils) compact weli using these rollers.
The layer thicknessex should not exceed 230mm when compacted, and the

performance of the roller is a function of tyre pressure, tyre contact area, and weight.

- Heavy Pneumatic-tyred roflers

These rollers have four equally-spaced independently suspended tyres, and can be
loaded up to a total mass of 30 tonne on the axle. They are towed, and are suitable for
similar so1ls o the multi-iyred preamatic-tyred rollees, as well as for gravets and finer
silts. The dilference between these and multi-tyred pneumatic-lveed rollers is that the
Heavy Preumatic-tyred rollers can compact deeper layers, and the surface density is

areater,

- Sheep-foot rotlers

The shecp-foot name comes from the lupered prong leet on the steel drum. These
roflers can be either towed or self-propelled, and their mass can usually be increased
by filling the dram with water, or with sand and water.  Performance s best on
eohesive soils at, or dry of, OMC. During vse these rollers can be observed “walking”™

out of the Fl as compaction occurs.
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- Tamping-foot rollers

Similar to sheep-foot rollers however, the feel are wider, shorter and closer than
sheep-foot feet, they are slso often diamond-shaped. They can be self propelled or
towed, and will compact a wider range of soiils than sheep-foot rellers, incloding silts,

and rock fragments, but not uniform sands.
« Grid rollers

The rells on grid rollers are manulactured from a mesh of usoally 20mim diameter bars
spaced 100 to 153G mm in both direction,  Alternatively they may be smooth deomsg
with o pattern of snuare holes fottned in the surface. They are particularly usetul for
sconia-type {ill (random mixtures of large and smalt particles, usually angular and
fuirly solt). Their particular use is in breaking down oversized stones, and forcing

them below the compacted surface.

Vibratory Compacters

These roflers have a ratating cecentric weight to produce a vertical acceleration which
helps-to compact the material. The force applied to the soil is propornional to Lhe
acceleration in the vertical direction, and therefowe they bave a better performance
than the static rollers.  Vibrating rollers are soitable for compacting non-cohesive
solls, compacting from the hase up towards the surface, which always leaves a layer of
lopser material at the surface. This is caused by the bouncing elfzct among the
particles of that layer as the vibratory effect is transferred downwards. This can be
easily overcome by using a compactor with medivim o low weight and low amplitude,

or by turning off the vibration,

The primary chavacteristics of vibratory compacters are the weight of the vibrating
component {drum or plate), the weight applied through the component to the ground,
and the frequency and normal amphtade of the vibration. Lleavier weight rollers with
high amplitude and relatively low frequency (200 - 1800 vibrations per ounute) can

compact very thick lifts {up 1o 1.5 meters) in some granular materials, and up o 300
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mim in clay materials.  With less weight, lower amplitudes and generally higher
frequencies, u reduced layer thickness can be compicted. Frequeney is not generaltly
critical except that the higher it is, the tewer passes are required, or, the Faster the

compactor can travel to obtain optimum compaction per pass,

When using a vibratory compacter, a patiern must be adhered to, to avoid gaps in the
pass coverage. It is also important nol 10 over compact the material. When the drum
bounces on the hardened surfage, a distine ‘ringing’ nnise can be heard, This can
cuwse damage to the roller, and it will also reduce the density of the material. Thus for
very thin layers (30mm), particularly of granular or sandy materials, two passes may

be sufficient, and four passes may be oo many.

Large Dl Vibrating Drum Roliers

Granular materials of up to 250mm can be successfully compacted in 410 10 passes
with these rollers, providing they we comectly calibrated 1o obtain the most
appropriate weipht, frequency and amplitude. To complete the compaction it is
sencrally necessary io operate the roller without vibration for 2 10 4 passes (o

consolidate the surface.

Earth Vibratary Compacters

These arc generally of the large single vibratory drum type with Jarge rubber diiving
wheels, They are nsed for ditfficult tecrain and thick lavers of earth. Some rollers of

this type arc filled with rubber coaed drums which bave proved effective for the

compaction of chips in chipscal construction.
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9.7.5 Compaction Procedure

The following points should be noted to cnsure the best possible results:

+ Rolling should commence at the outer (lower) edge of the pavernent and progress
towards the centreline {or upper edge, if superclevated). Rolling with the passes
progressing towards the lower edge will cause malerial o move downhill, resulting

in toss of shape.

» A forward and reverse pass s made over the same section of pavement before
moving to the adjacent scction, It 18 imporiant w check that this is done at the
edges of the pavement,. When changing dircction, the roller should be on the

previously compacted section.

+ An overlap of up o 500mm over the previous pass 1o cnsure complete coverage

should be vompleted.

o A space of 200 w 300 mm should be left on the outside edge of the pavement if
this is unsupposted. Rolling of this section should 1ake place later with a lighter

rofler.

o Vibrating rollers should have the vibrawr turned ofl when the rodler is stopped ar

turning.

+ Rollers jolting during reversing can cncourage surface ropghness. as can sharp

turns or changes in direction, and thercefore this should be avoided.

» Static drim rollers should have the drive wheels leading on the initial pass to avod

pushing material ahead of the drum.

« Cood compaction can be achieved with a vibrating roller by using a sequence of: a
non-vibrating pass, followed by several high amplitude passes, and finishing wilh

low amplitude passes.
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The range of materiat that can normally be compacted economically with each Lype of
roller 15 shoewn in figure Bl In addition 1o their normal compaction applications,
simooth dram-vibrating rollers and pneumatic-tyred rollers are used as finishing rollers
for clay wnd clayey sand subgrades, as sheepsioot and tamping rollers do not produce
a smoath surfuce. Also, a preumatic-tyred roller may be used to seal off earthworks

tom ralnwater.
9.4 GEOQTEXTILES

Geotextiles are used to reduce the guantity of pavemen! material required by
providing a separation layer between the pavemenl material and soft sobgrade
materials. They can act as a drainage filter, restricting waler movements into the
subgrade or puverncnt, as well as providing 4 separation layer preventing fines from
sinking into soft subgrade material. Geogrids are able to provide additional strength,

but their application requires specialised design skills.
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9.8.1 Types Of Geotextiles

The main types of geotextiles are:

s Woven

Woven synthetic material made from a polymer {plastich by weaving the
yarns together. Usually made of polypropylens. Higher strengih and stiffer

than non-woven fabrics

s Nan-¥YWoven

Usually more expensive bul much better than woven fabrics in some
applications. Made by bonding together randomly orientated polymer fibres.
Usually made from polyester. Used more extensively than woven fabrics,

The predeminant application is For roading.

» {;eogrids
Manufaciured by extruding @ sheet of polymer, punching roughly
reclangular holes in it, and stretching it Quite stiff relative o woven and

non-waven. Usually made of polypropylene.

With all geotextiles, the exposure time to suntight should be as short as possible since

many [abrics degrade under vltraviolet light.

0.8.2 Applications

In most forest roading applicationg, the geotextile will be serving one or more of these

functions (figure 82).
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« Separation Layer

Provents the nixing of two different materials whose engineering properties
wollbd change should the mixing tuke place. For example a geotextile can
be used belween a weuk subgrade und the hasecourse o prevent the

basccourse being contaminaled by the subgrade.

« Filiration

Used o stop the migration of fine soll particles from aggregate material
while under pressure from water movements, For example, a geotextile
wrapped around coarse gravel which fills a trench excavated along the
watertable, allows water o pass across 1he soil/fabric mterface while

retaining soil particles.

* Drainage In The Plane Of The Fabric
Some non-woven geotextiles are quite thick, and can pass water along their
lenpih as well as across their thivkness. This improves drainage of excess

wilter pressure in the soil.

» Reinforcement

The woven and geogrid peviextiles are used to impart extra strength and
stiffness to a filling. An unstable slope can be reinforced in this way or tie
back a retainmng wall, hut the most common example s o provide
temporiny roading af 4 construction site. By Laying suitable fabric over
arcas of soft soil before laying basecourse material, the area can be macls to
carry construction braffic with up o 40% reduction of crushed rock. In this
application the fabric is performing a separstion {unction as well as
providing strength, Development of strength depends on deformation of the

geotextile, and is generally only useful for temporary works requiring large
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depihs of base material. Geogrids, with careful design in the correct

gircumslances, can provide additional strengths,
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Figtere 82 - Uses for Geotextiles

Guidelines For Geotextile Use In Foresi Roading

MNever use @ geotextile when a cheaper, equally effective method 1s available. For
esample, a layer of ceadily available brush or other form of corduroy may solve a

subgrade stabilisation problem more economically than a geotextile.
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When used as a scparation layer over a weak subgrade and under the basecourse, the
geotextile performance depends heavily on its pore size relative to the grain size
distnbution of the soil represented by it will come into contact with , and also on the
fraction of the geotextile’s overall arca represented by the holes. The most desirable
properties for geotextiles for use in this situation should be, high modulus (high

strength al low straing), and good resistance to creep, puncuring and tearing.

However, many case histaries indicate that worthwhile beneiits can be obtained using
peotextifes with low modulus - the benefits presumably resulting mainly from

separation alone, rather than from both separation and reinforcement.

If specitic characteristics are 1gnored when selecting the geotexiile, it is likely that the

seotextile will fail. This can happen because:

= The geotextile pores may become clogred.
» ‘Water may be trapped beneath the (abric, softening the subgrade.
* Fines may migrate up into the base material despite the presence of

the geotextile.

A geotextile used in a thin rozad fill serves as a separator rather than a reinforcer. The
need for adequate overlap and anchorage for the geotextile must be emphasised.
Slippage will reduce or eliminate the reinforeing function - one manulactursr
recommends overlaps of 0.5m o Im, depending on soil conditions. The direction of
the lap should be such that the aggregate being spread dees not push the fabrie apar.
At least 300 mm ageregate cover [s requared over a geotextile Lo avoid problems with

placement and operational performance.

In summary when used properly, geotextiles can save mioney, paracularly when
basccourse is expensive and soils are very soft, or when slumping of embunkements or

subsidenee causes continual maintenance problems.

The use of geatextiles in hoth separativn and fill reinforcement modes predominates

on weak and wet soils,  The benefits from its use in these situations is readily
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apparent, and it is difficult to envisage the use of geotextiles in soils of any strength,
exCent as a drainage laver. Soils need to be very weak to gain advantage for the use of

geotextiles,

Howewver, the wrong choice or application of gegtextiles may result in construction

failure. It in doubt, seek professional advice.

9.9 CORDUROCY

Corduroy tor forestry roads s a valuable stabilisation aticrnative to geotexiiles,
stabilisation chemicals and other products. Corduroy involves laying a mat of brush
or logs on top of the subgrade. Agziegate is then positioned over the mat to produce
road o landing, The major advantage of using cordurpy 1§ that the corduroy mat acts
to distribute the applied toads evenly o the subgrade material, thereby veducing the

guantity of valuable aggregate material required {or pavement construction.

Using corduroy for forestry road or landing construction:

= cnables constouction over very weak subgrades

« has the potential to reduce the guantity of cxpensive aggregate
required

+ allows the road to be used immediately after consiruction

« inimises exposed earth that could erode, (often buiil on top of
axisting vegetalion)

* allows aggrepgate and corduroy o be recovered from roads that have
been abandoned

v provides a separation layer and improves drainage

The cordwroy acts as a structural and separation layer as well as a drainage laver, but it
requires considerable machine and labour time, and often vses wood that could
otherwise be sold.  However, corduroy may be the only cost-effective option for

construeting roads over very weak and wel subgrades.
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49.1 How Docs Corduroy Work?

Separation

A layer of brosh, branches or logs beiween a weak subgrade and the quality apgregate
serves Lo slop any intermixing of the two. This ensures that the load bearing functions
of the basecourse are performed without contamination from the weaker subgrade.
When agpregate comes into conract with the weak subgrade, it becomes slippery,
which reduces the particle interlock {bearing capacity), and consequent]y 1he road may

fail.

Reinforcement

The effect of corduroy laid across the subsrade is to spread the load. The load is
redistributed over the whole length of the log (figure 83), effectively increasing the
load bearing area. Reinforcement is greater with log corduroy than with brush

corguroy since the logs act as a ngid platform.
Absorption of Shnck
Movement and deformation in the corduroy absorb the shock wapact trom a loaded

vehicle, By lowering the shock load transmitted to a road, the likelihood of cracking

is reduced.

i
Without Log Cardurgy With Log Corduroy

zar}rlm

e,

:Lag Corduroy

Eguivalent Ground Pressure

Figure 83 - Reinforcement using log corduroy
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Ienproved Drainage

Brush cordurcy can improve drainage by providing a permeakle layer between the
base-course and the subgrade. Water on the road surface percolates through the base-

course, and then flows along the corduroy plane, as showt in hgure 84,

Drainage Path \ Base-course

Subgrade

Figure 84 - Flow of water along corduroy plane

9.9.2 Corduroy Types

Brush Corduroy

Brush corduroy mvolves the spreading of brush (such as slash or uadergrowth} on top
of the subgrade to form a brush mat. Aggregate is then placed on top to form the
road, as illustrated in figure B5. More aggregate matenial is reguired for the brush
corduroy construction than for the log cordurcy construction because the voids in the

brush require fill maierial. Only minimal reinforeement is provided by the mat.

Log Covduroy
Pulp logs are pluced side by side over the subgrade, at right angles o the direction of

travel, to form Lhe corduroy mat. Figure 86 shows the aggregale distributed over the

logs. The logs provide significant structural reinforcement, reducing the depth of
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aggregate required.  Approximately 80m’* of saleable pulpwood is used per (00m of

road, and therefore the cest of construction may rise beyond an accepiable level.

Claar Right of Way Leaving
[~ Existing Vegetation (Where Possible) |

Spread Brush to
Form Ccrduro',r Ease E

-F—Trlm Stumps

qu demy o

'rd_'Spraad Eranular Fill
s i

" Soit Swampy Ground , - .

Figure 85 - Corduroy road construction using a brush meaf
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Figure 86 - Cordurey road constraction using logs
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Miil Skabs

bill slabs are offcats {rom a timber mill. These are placed side by side on top of the

subgrade, at right angles to the direction of travel, in a similar fashion to log corduroy.

Formation of the road is completed by spreading aggregate materral over the siabs,

The mill slabs provide seme reinforcement, and usually only 200mm of aggregate is

needed,

Polythene Pipes

Polythene pipes held together by wire rope
{known s “Columbus Mats™ are used as g
structral  [ayer between the subgrade and
pavement aggregate (figure 87). They are strong,
Hghtweight, flexible, easy to handle and re-
esable,  Although their initial cost can be up to
three that of log corduroy, the effective cost per

use since low as they can be used many time

9.9.3 Design OF Log Corduroy Roads

— ‘Wire Fopes

Fipure 87 - Cedumbus mal

As cxplaned carlier, failure of road pavements over soft subgrades is generally caused

by bearing failure of the subgrade materiat. There are two main types of bearing

failures, and they both involve shear failure of the subgrade, as illustrated in figure 8.

2ia




l

L:h arada
Lucafised Failura

Subgrade iy ———

Aggregate

Grags Failure

Fipure 88 - Two types of subgrade sheor failure

The localised fatlure is independont of f1ll weight, and dependent on wheel load and
soil sirengih, Gross fmlure oceurs when deep fills are used, and the combined weights
of the fill and axle loads exceed the bearing capacily of the soil. This faiiure covers

the full width of the road, and wplift of soil along the side of the road will be evident.

The design charts in figures 90 and 91 can be used to determine the guamity of fill
required for both commen aggregate fill and a lightweight pumice fill. The depth of
fill with or without log corduroy can be estimated from the design charts (which are a
guide only). The pavement depihl is the mimmuam required o prevent beaning failure
under a 8.2 tonne dual-tyred axie. The methodology used is based on static loads, and
toes not consider the effect of multiple vehicle passes, therefore a factor of safcty of 2
or greater is recommended. This aceounts for dynamic loads - which can fluctuate by

up te S0% above the static load - and variability in scil strength properties,

Note: For weak soils with g shear strength less than 15kPa, log
corduroy or some other reinforcement technigue such us geotextifes
shoild be wsed. Thix iy because the weak soil iy unable to suppori the

combined weight of the aggregate and the ade loud.
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Shear Strength

The shear strength of a soil can be easily measured in-sity using a “hand vane tester™.

The cquipment consists of a stainless sieel
Targue Faading
vane of four reclanguiar biades mounted on the

end of a high tensile stesl rod (figure 89).

To make a nieasurement, the vane is pushed
wnto the soil, and the head is wened slowly

unlil the sotl shears. The maximom torgue

required for {ailure 15 read from the dial, and 18 g
. h

converted to shear strength {(c), uwsing the

formula:

Fipure 82 - Hand Vane Tester

T
It *h/24 47 16)

Where:

T = torque at failure
d = gverzl] vane width, and

h = vane lenpgth.

Alternatively, simple fiekd tests as detailed o table 31, can atso be used 1o estimale the

5011 shear strength.

TERM | SHEAR STRENGTH (Kpa) FIELD TEST
Very Solt 0 - 24 kPa Squeezes between fingers when fist closed
Soft 24 - 48 kPa Eagily moulded by fingers
Firm 48 - 80 kPa Moulded by strong pressure of finzecs
Suiff 96 - 144 kPa Dented by strong pressure of fingers
Very Stiff 144 - 192 kPa Dented only slightly by finger pressure
[Hard = |92 KPa Dented only slightly by pencil point

Toble 31 - Field tests used 1o estimate the shear strength of o sodl
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The tollowing eguations have been used to produce the graphs in figure 90 and 91:

Fill only (no log cordurcy}k:

1

L FOS)a| | ? . [F05)Gt
5.14 1+{R/z)" 5.14
Fili and log corduroy:
_'_l.
om (F.OSIL - L 2 . {(F.O8YGz
S l4xlw b+ (R/g) 5.14
Where:
F.0.S = Factor of safety
q = Tyre pressure (Kpa}
L = Axles load (kN}
1 = Length of lug corduroy (m)
w = Diameter of log corduroy (m)
R = Effective load radius {m) = l &
ERIERE
G = In-place fill density (kN
7 = Fill depth {m}
C = 50il shear strength (kPa)

Appregate Coverage for Brush Mats

If a brush mat s chosen for the corduroy mart, then the depth of apgregate fill reguirer
will be greater than for a log corduroy mar since the brush mat will have significantly
more voids that require filling, and will provide only limited reinforcement. The
graphs in figures 90 and 91 can be used for brush corduroy construction provided the
depth of aggregale determined 1s multiplied by a factor of three to account for the

virids and Hmited reinforcement.
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9,10 ECONOMICS OF THE STABILISATION OPTLON

The economics of stabilisation should be reviewed during the consideration of
pavement options, as then factors affecting construction costs are more accurately
known. These factors include the thickness of the pavernent layers and the application

rates for the proposed binders.

Several stabilisation options miay need to be costed to select the mwost economic
balance bztween binder application rates, stabilised layer thickness und possibly
density and unbound layer thickness, Non-stabalisation options may also be included

i the evalaation.

Comparison of the construction costs of these oplions will allow selection of the

lowest cost pavement oplion.

Compared t0 non-stabilised [avers, stabilisation often has advantages additional to
those shown merely by the construction costs. These may include some combination

of the following:

Reduced sensitivity to moisture and hence more tolerance (o

pavements with medioere drainage andfor weak subgrades,

« Speed of construction, particularly for new pavements over very weak

subarades,

v Ahility to strengthen the paverment while mainiaining the existing

puvemnent surface Jevels,

» Reduction of trips (o truck out existing materials and truck in new
materials, This reduces wear on other ronds and reduces CO04

&ISSI0nzg,
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= Conservation of aggregate resources.

2.11 RECOMMENDATIONS

As the resources of aggregates are being deleted, there is now a need to source
alternative materjals, and to stabilise or medify them o meet the strength and

durability requirements of the pavement.

The paverncnt nceds to suit the site conditions, design traffic foadings, und to utilise

local marerials imported and insilu in the most cost cffective manner.

Stabilisation can provide major recognised benetits for forestry roading of all sizes
and significanty offers an acceptable, cost effective, environmental alternative w

conventional designs

Maost stabilisation treatments will alter many material properties al the same time and
the correct use of stabilisation requires identification of the properties that require

altering, and the effect the stabilising process will be on these properties,

Laboratery testing should be carped out to determine the response of the partcular
soil with the stabilising agent{s) being considered and consultation with industry
specialists should be carried out, Adequate targeted testing needs 1o be undertaken to

result tn the most appropriate stabilisation option.

Subgrade stabilisation reduces the thickness of granuwlar cover required over the

subgrade with significant cost savings.

Subbasccourse stabilisation enables the use of a “marginal™ uggregate as a premuum

aggregale ab a relatively lower cost.

Basecourse stubilisation compensates for deficiencies in the basecourse nggregate.
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Modified materials are produced by the addition of only cnough binder(s} to address
the materiai property problems and are usually considered to behave structurally as

unbound granular materials

Cemented materials are produced by the addition of stabilising binders (usually
cementilous in nature) to granuiar materials in sufficient quantities to produce a hound

malerial with significant tensile strength.

Compared to non-slabiliscd layers, stabilisation often bas advantages additional to
those shown merely by the construction costs such as reduced sensitivity to moisture,
spred of construction, reduction of trips 1o truck vut existing materials and truck in

new matetizls and conservation of aggregate resources.
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CHAPTER 10 - SLOPE STABILISATION
1.6 INTRODUCTION

Slope stabilisation is an important aspect of roud desipn and construction. 1t can save
time and money, and may be required because of visual impacts or Resource
Consents. Inappropriate praciices, and failure to stabilise slopes can result in roads
becoming impassable, incurring additional expense to rectify the problems. Cul and
fill slopes, riverbanks, and bridge abutraents can be icherently unstable and prone to
erosion. The following stahilisation techaiques will help o stabilise material and to

reduce erosion.

1.1  COMPACTION

All embankment material should be constructed in layers and then compacted.
Compaction machinery and techniques are outlined in chapter 9. The layer thickness
shouid be appropriate to the maximum size of the material being placed, and the
compaction equipment being used. Layers of loose soil typically 150 1o 250 mm

should be compacted. For sand and rock, tables 32 and 33 give an approximate [oose

lyer depth.
Vibrating Roller Mass in Loose layer Depth (mm)
Tonnes (static)
Towed Roller Self Propelled Tandem
4 250 - -
) SO0 4410 350

Table 32 - Loose layer depth for compaction of clean sand

Vibrating Roller Mass Loose layer Depth {inm)
in Tonnes (static)
Towed Roller Self Propelled
5 1000 _
10 1500 §000
15 2000 1500

Table 33 - Loose layer depth for compaction of course rockfill
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Water conteal is very important when compacting soil. The water content must be
uniform throughout the material, and close o the optimum meisture content (OMC),
to achieve a high degree of compaction (See chapler 9 for description of OMC and

field tests to determing OMC)

Nofe: It Iy fmportant in any constriction Stuation o provide
adequate drainage 1o prevent the malerial becoming sufurated oad
unweorkable, An example of thiy iy (o leave wark lightly compacted,
finished with o flat drien rofler and shaped 1o shed the water ar the
end of a day’s work - this can reduce e downatime due 10 any

pvernight ruinfatl,

10,2 BENCHING

A small bench can be constructed helow the road formation o calch the side-cast

materiad, preventing it from sliding down the hill and inte the gullies (figure 92).

—_.Excavated watenal (out)
Haced over sice for il

Figure 92 - Bench cul to contain side-cast fill,

On stecp slopes, the fill material 15 not compacted, thercfore re-vegelative methods

{such as hydroseeding) are required [0 prevent erpsion.
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10,3 WATER CONTROL

Fill slopes are easily croded by water. An effective way 10 reduce this erosion 18 to
lirit the amount of water which flows over the slope. This can be achieved by
providing adequate culveris and floming 1o ensure that the water runoff, is discharged

onto sohid ground or Litto waterways.

10.3.1 Slope Drainage

Adequate drainage of side slopes will relieve the pore pressure within the slope,
thereby reducing the visk of slope failure, Drainuge of slopes is essential when there
15 1o he a supporting wall, such as gabion baskets (see scction [0.6) or blockwork.
Without drainage, water will build up behind the wall, forcing it outward, or possibly
forcing water under the road.

Drainage of slopes may be completed simply by having adequate watertable drains,
which will allow water to flow out of the slope and away from the road and batlers.

Alternatively, holes may be drilled into the slope to facilitate drawnage.

10.4 RE-VEGETATION

Re-vegetation of batters and all exposed soil should be undertaken as the carthworks
progress. Topsoil and muleh salvaged during the clearing stage of the work can be ro-
used and placed on slopes to encowrage vegetation growth, The salvaged material
may coatain sutficient sced to re-cstablish the area. Re-vegetation work should be
comtpleted as soon as possible to limit any soil moverent or subsidence. This will
also maintain the live plant material in good condition For re-use, and will help

rnimise erosion during later construclion stuges.

Batter surfaces should be left rough, so that they will hold the topseil. In some

siluations it maybe necessary to cut steps in the batter to held the soik.
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10.4.1 Hydroseeding

Hydroseceding is one method of re-vegetative treatment of major construction sites
will have long exposed slopes. A mixture of water, seeds, fertilisers, organic binders
and even mulch material is sprayed onto the surfucc W be re-vepelated. If the
hydroseeding mix 15 suiled ro the conditions then grass can be established within 14

hays.

Hydroseeding i3 o very common and effective way of Hmitng both the erosion and

the visual irnpact of fill slopes.

10.4.2 Handsowing

Another method of re-vegetation ol side slopes is to hand broadeast grass seed onto
the slopes. This method is ideal if there is sufficient organic matter on the stope to
encourage plant prowth. The ideal time to complete this work 1s just before a heavy
dew or light rain, since this will help stop seeds from blowing away, and help it
become established.  Fertilisers can also be hand broadcasted at the same tune if

NCCESSHTY,

10,5  GEOQGRIDS

Geogrids are formed by Heating and stretching
sheets of tngh-density polyethylene into which a
pattern of holes has been pre-punched, (figure 93).
These grids hold soil particles within the grid,
binding the material, and allowing efficient load
transfer trom the soil to the grid. There is a wide
variety of peogrid systems available, for complete

product ranges and their application, contact Lhe

manufactures or supplicrs.

Figure 93 - Typical geogrid formation
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Typicaily there are two main mechanismns which geogrids use to support slopes and
retaining walls. In the case of retaining walls the geogrid is used to “tie back™ the

waull to the soil behind it (figure 94).

Bapwock or Stonewaork - - — - —

face support
\ “““““““ Geogrid Reinforcement

ARSI IR

Figure 34 - Slope stabilisation using the "'tie back" method

For cut and fifi slopes, peogrids are placed on the surface of the slope to support the
slope, and to minimisc local slumping and crosion (fipure 95). Some peogrids used in
this way also promote re-vegetation by providing a mat type surface 10 suppont

organic material and seeds.

Geogrid

Road Geogrid ping

Ry

LA AAN

Figure 95 - Slope stabilisation wsing surface geogrids
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Geogrids can be used for a number of stope stabilisation applications including
stabilisation of il and cul slopes, bridge abutments und culvert approaches and

outlets {see the manvfactures’ brochures and recommendations).

1.6 GABION STRUCTURES

Gabion sfructures are designed to suppott slopes, and o provide erosion protection.
Wire miesh baskers are filled with stones, rock or rubbic, and are laced together o

form a continuous stiticture, There are two main lypes of gabion structures:

» Gubion baskets are designed lo use their mass to support a toc of 2

slope, or (o provide un cifective retaining wall,

+ CGabion maltresses may be used to overlay a riverbed or other

surface, 10 reduce the erosion effect of water flow.

Both gabion mats and baskets are extremely flexible because of the combination of
mesh and rock fill. This flexibility allows them w be vsed in variable condilions,
such as soft or unstable ground where movement 15 expected due w selllement or
frost heave etc. They are ideal for river and waterway erosion control, bhndge

sbutments and spproaches, slope stabilisution and e support,

Gabion walls are a very effective, and often very cost effective, option for supporting
a slope. They use material that 1y nsually obtainable on site - any solid, hard material

such as mbble, broken reck or conerets - 1o {ill the baskels or mattresses.

Muttresses

Crabion mattresses (figure 96) are generally manufaclured & meters in length, 2 meters
in width and 0.24 melers in thickness. They are most often used for protecting river
and waterway beds, but can also be used to protect cut and fill slopes. They are
fiexible and therefore can fold to accoinmedate changing pround conditions. The

high perosity of the gabion mats generates free drainage through the structure, which
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reduces hydrogtatic pressure build-up. This gives them an advantage in arcas where
high seepage flows are expected, but if seepage through the mat is expecied to cause
problems, or additional crosion control is required, the mats can be overlayed with

concrite,

thickness

Tt

e o

B ‘A‘;
5 r

Length -

F

Figure 96 - Gabion maitresses

Additional support can alsu be obtained by encouraging vegetation (o grow over the

rnats, this will also help to hide the structure.

Baskcts

Gabion baskets are manulactured in a range of sizes from 2 meters in length, 1 meter
in width, and 0.5 meters in heighl, up to 4 meteis in length, I meter in width and 1
* meter in height {figure 97). They can also be purpose buili from special chaim mesh
netting. Generally these baskets are used to support the toe of a cut or fill siope,

bridec abutments and approaches, and culvert inlets, or to acl as relaining walls,

Figure 98 shows the use of gabion

walls, in conjunction with plant

b material, to support a road which
E has been eroded by a river below the
S e L L £ ad. The plant material {willow)
helps to tic the gabion wall to the
\é\%‘“ slope, giving extra support.

Figure 97 - Gabion baskels
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Figure 98 - Gabion wall supporting a fill slope
10,61 Retaining Walls

Gabion baskets are ideal for use in a gravity retaining wall 1o support steep cut and
fill slopes, This may occur in steep country, where the ideal cut or fill slope angle
would produce a large exposed surface, or where the fill siope wounld otherwise

encroach into a waterway.

The rerzining wall can be stepped, sloped, or vertical, depending on the siiation,

1(.6.2 Geogrid/Gabion Combinations - Reinforced Earth Retaining Walls

The combination of gabion baskets and geogrids can rmake an excellent reinforced
carth retairung walt. The geogrid is vsed in the “tie back™ method described earlier o

tie the gabion baskets back into the slope.

This situation combines the weight of the baskets and the frictional preperties of the
geogrid system (o support the slope, making this combination ideal for bridge
abutreents and approaches. Again, the front face can be vertical, sloping, or stepped

to suit the joading situation and the existing ground contours.



10.6.3 River Walls

River walls are designed as retaining walls to support exisling banks, roads and other
structures, Gabion baskels can be positioned below the maximum expected scour
depth to reduce the risk of underminting of the pabion wall. The surface roughness of

the gabion wall acts to slow the water Alow, thus reducing erosion effects.

10.6.4 Channel Linings

Channe! linings are usually completed using gabion matiresses The maltresses are
taced together to form a continuows mat overlaying the waterway bed (figure 99).
The stones within the mattresses redaces water velocity, which eliminates scour of the
waterway bed. For water velocity calculations in determining culvert and bridge sizes
{see chapter 1), Manning's Coefficient of roughness n = 0.02% can be used for

ungrouted gabion mattresses, and n = 0.017 for grouted maltresses.

haliress Laied abing bed

Figure 99 - Gabion matiresses used 1o line u waterway
An alternative to lining the waterway completely is to line the bed with a mattress,

and use gabion baskets to support the riverped walls {figure 100},

e R
= N

s

e

e

r".:'-. PR )
S

Fipure {00 - Gabion maltresses and basket combingtion lining a wate rway
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10,6.5 Weirs

Silt ar gravel traps, and other energy dissipating structures can be eroded by the action
of fast-flowing waler at the downstream end of the struclure, Gabion baskets or
maitresses can be wsed to line them in order tu reduce the waler velocity, and

eliminate erosion. Figures 100 and 102 show typical designs.

Figure 102 - Sluped gabions used to profect weir siructires

10.6.6 Bridge Abutments

Gabion baskels and mattresses can be used on their own, or in combtnation, 10 form
elfective bridge abuiments. Geeogrids can also be wntroduced to give additional
protection and support, either using the “tie hack” {figure 103), or surface methods.
Gabions can also be used o provide erosion protection of existing abutments and

piers.
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IIx

Figure {03 - Gaobion matiresses, baskels und geogrid used for bridge abutnents

14.7 REMOVING OVERBURDEN STRIZSS

Largc cut slopes can be unstable owing to the effect of gravity working downward on
the material in the slope. The toe of the slope must support all of the material above
it, 50 by removing of some of the overburden matenial, some ol the downward
pressure is relieved. An example of this is the benching of cut slopes at strategic

plﬁces {figure 104).

Cwerhuednn macerial remcread

Rench

Cut Slope

Foad

Toe of S|DPE ,_.—-—""/’

Figure 104 - Removal of overburden muaterial
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Figure 104 shows that the toe of this slepe now only has to support approximately

2 . i
3 rds of the orginal overburden malerial,

16.5 SLOPE MOMFICATION

Slope modification is a simple design feature which can be used doring conskruction
to reduce the erosion of slopes. Flatleming the gradients of earth cuts and fills can

reduce slope instability, reduce erosion, and encourage revegetation.

Soil material has a natural angle of repose, and any slopes steeper than Lhis angle will
be inherently unstable. Flattening earth cuts and fills invalves adding maore fill, or
taking out more col waterial, than would otherwise be the case, i order o create a
more stable angle.  An example of this technigue 15 flattening & slope in fine sand

material to 2:1, resulting in greater stabifity and guicker re-vegeration,

Once a stable angle of repose is reached, there s little benefit in further flattening,
since this will only increase the arca of exposed soil, and therefore the susceptitnlity
10 erosion. Changes in slope angles should be rounded to reduce erosivn petendial,
and 0 blend with the natural landscape. Rounding is particularly itnportant at ihe top

of cut excavations,

Another technigue is the roughening of slope surfaces. This will reduce the amount
and velocity of run-off travelling down the slope, increases infiltration, and causes
sume of the sediment to be intcreepted before it reaches the toe of the slope. A
simple method of reughening the surface 15 o run a bulldozer or other tracked
machinc up and down the siope. This will leave a pattern of tread imaprints parallel to
the slope contours. The tread indentations wiil trap seeds, encouraging plants to

hecome established. The tracks also reduce the velocity of run-off.
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CHAPTER 11 - WATER CONTROL

1.4 INTRODUCTION

Controlling water drainage from roads and landings is a fundamental part of
maintaining an efficient, long-lasting road. A well-drained road can withstand higher
axle londs and traffic volumes, will requice less maintenance, and will be able to be
used all year long. Uncontrodled water can cause an enormous amount of damage in a
very short space of time, even destroying a road pavement. The washout of a culvert
or bridge embankment, ¢r the scouring of watertable drains can render a road

irmpassahle, causing enormous expense and considerable transportation delays.

It must be remembered that any earthweorks will chunge the natural surface and sub-
surface watercourses.  Proper channels for water flow must be constructed both
during and following completion of the read. If not designed correctly, culverts,
bridges and other water crossings can estrict the flow of water, especially at high
water flows, which can lead to problems with biockages and the build up of debris,

causing washouts.

There are many water conirol structures designed for the efficient flow of water from
roads and landings back inte natural drainage systems. This chaprer outiines these

structures, and good construction practices.,

11.1 WATER TABLE DRAINS (Side Drains)

Correct crossfall and camber on the road earriageway will ensure that water suns
directly off the road and into the watertable drains. Guidelines for crosstall are 2iven

1 section 6,41,

Watertable draing usually run parallel with the road, draining water from the road
carriageway and adjoining slopes. They are wsuaily designed with & flat bottom to
eliminute scouring and erosion from waterflow (figure 105). Lining of the drain hed
15 only necessary it there 15 likely to be a scouring problem, in which case they arc

usually lined with rock or gravel, or simply grassed.
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Lined bed
Foadd Surface

/;@\ /f’<\\

Watertable Draing

Fipure 105 - Wmtertalle dratny

Walcrtable drains on the cut bank side of a road flow inlo gullies, and foed water into
crass.culverts which direct water under the road. Drains on the outside of the road

flow into side drains or turn offs (figure 106).

Waltr lable drain

Tumel{

Figure 106 - Water runaff nsing wurnoffs and watertabie draing

11.1.1 Watertable Drain Design

Figure 1017 shows the basic design for a traperoidal deain for controlling water from a

read surface. Alternatively, w v- shaped drain (figure 108) may be used il the area has
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low rainfall and stuble soil which will not scour. In some instances, a straight line
from the crown af the road to the bottom of the drain ¢an be adopted. The advantage

of this design is that it is quick and easy to maintain with a grader.

The longitudinal slope of the watertable drains is very important. A slope which is
too shallow will not let the water drain quickly, cavsing flooding and silting of the
drain bed. A slope which is too steep will allow fast water flow, producing scouring

and ergsion of the drain bed.

1.2m Verpe

//’_:;:\\i,
e / i 03.0.5m
red
N\
e | oo

Figure 07 - Trapepoidal Drain

[.2 m Yerge
-l
-
2
".-{f 0.3 -056m
R
0.%m

Figure 108 - V-drain
As a rule of thumb, to avoid silting a slope of 0.5% {1:200) is recommended. To

avold scouring, a maxirmum slope of 5% (1200 is recommended,  However this is

highly dependent on malerial type. In many cases it is recognised that, owing to
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topographical constraints, the longitudinal slope cannot be restricied to 5%, and
therefore erosion control measures or extra cross culverts will be required if the soils

are eradahie.

On major arterial routes, drains are designed so that, where possible, the water level i3
maintained at least one metre below the road surface where possible. Ideally, roadside
ditehes must not divert water runoff directly into natural streams and waterways.
Water should Now over land w filter through natural vegetation before entering the
waterway. This will help control any sediment carried by the water, preventing it

from travelling into the waterwvay.

11.1.2 Erosicn Control in Drains

Dropwalls and check walls/dams {figure 109) can be used at intervals within the deain
o step the water down, slowing the water flow. These methods are very good at
controlling longitudinal ercsion, but can cause problems with localised erosion al the
base of each step. Lining these areas with vock, large gravel and grass can help o

eliminaie such problems.

i Eouldar Chack Dam Log Check Blam

Figure 109 - Boulder check dam ond Loy check dam
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Check dams can be constructed using logs, rock and hoolders, sandbags, gabions or

vinually any available erosion-resistant matevial.

The dam must be constructed below the natural level of the drain bed to eliminate
undermining. It is constructed by placing the selected material across the drain,
perpendicular to the flow. [t should have a central weir size large encugh to prevent
washing and eroding around the damn edges. Ax a guide, the dam should not be higher

than 600 mm, and the weir should be at least 50 mn1 Jower than the outside cdges.

Alernatively, Intermediate cross culverts (or take off drains}, leading inte {lumes, can

be used to reduce the water {low velocity.

1.2  CATCH DRAINS

Catch drains are used to direct water flow from the surrounding area towards the road
it a controlled maneer. Often these drains are positioned at the top of batter slopes
{figure 110% and they are uvsually desipned similarly to watertable drains. If the
rmaterial is prone to erosion and scouring, an alternative is to use berms or banks to

direct the water {Tow.

-— Side slope

/ Catch Drain

Ratter Slope /_J'\— Z“Ed

Figure 110 - Position of carchdrain
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1.3 CULVERTS

Culverts are the ptost commonly osed water control stueture for forestey roads in
New Zealand. They are easy to install and relatively cheap, and if designed,
constructed and maintained correctly, they will deliver good service for many years.
Designing a culverl 1o accemmeodale the Bow discharge from a catchment area can be
completed a number of ways, using empirica] formuolas, templates, or by other
inethods see chapter 12, However, as a rule of thumtby, o cubvert diamerer 375 mm or
greater should be used for drainage, since anything less could result in the culven

becoming blocked with debris causing scodnng, erosion or flooding problems.

11.3.1 Culvert éypes and design

A short design return period {i.c. 2 2 ta § year fioed event) means the discharge from
the catchment is of a greater magniude than the culvert design discharge which
causes some ponding of water apsircam, or temporary surface flooding of the road.
For this to work effectively, there needs to be u low drop-section (spillway) in Lhe road
gradefine to allow some of the flow of water to pass over the road with minimal
obstruction. The maximum depth of water on the road should not exceed §50mm.
For problem areas or for larger catchments, a spuilway {figure 11} or an axillary

culvert, con be constructed o control the excess waler flow under and across the road.



Capression o allow
wales o Now ower Lhe
10ad dwang flead

Culver sized for normal
flows and lish passage

Figure 111 - Position of spillway

There are many types of pipes which are suitable for waterway crossings and drainage
culverts, The service life, ease of construction, economics, and s0il and ground
congditions will determine which type of pipe 15 to be vsed. Vanious factors, as

detailed below, will determine the type of culvert for each situation.

¢ Fish resource
s Arch pipes and inverted U-box culverts are good as they do not change the
seream bed

» Concrete pipes of concrete lined pipes are also recommended

» Ciround acadity

o [n acidic soils 2 non-corrosive pipe material such as plastic may be reguired
s Re-useability on temporary roads

= Concrete pipes can be extracted and used again once the road is no lenger i

use. Metal and plastic pipes end (o be damaged during extraction.
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¢ Length and diameter of culvert
v Some products are only available in specific lengbs apd diamcters which

may restrict their use or impeding thelr practicality {or the joh.

» Moachinery availabiefrequired
» In sitnations where heavy machinery s not avaitable, large concrete pipes

will be difficuly to use.

11.3.1.1 Cross culverts

Cross culfverts are used 1o drain water from one side of the road to the other. They are

used for smal] creeks oc for drainage of inside watertables

11.3.1.2 Waterway Culverts

Waterway crossings ocour where the road crosses a natural water course which bus a
defined channel. Waterway culverts used to drain this witer under a road should be
designed for a short retorn period (2 to 5 years) on low volume roads, and a higher
return period for high volume arterial roads. See Chapter 12 for detailed comments on

the design of waterway culverts.

11.3.1.3 Drainage culverts

Prrainage culverts are required to pass local sucface flows, channclised by the road
eanstiruction, which have no defined water channe] and where there is no fish resource
present. Most of the time these ¢channels and culverts will be dry and well only be in

use wihen it is, or has been, raining.

11.3.3.4 Open-Top Culverts

Open-top drans across a roadway will not only act as a cross culvert, but will also

mtercept surface run-off, stopping longitudinal scouring of the road carriageway.



They have a very simple design (figure 112} which can use on-site products, but they

are particularly susceptible 1o being blocked by debris.

[Funning boacds

Tk Eoad surface

Crosy-section

Road surface,
downward grade

l Walertable drain

Mo

Water runoff
flow

Running boards

Flan

Figure 112 - Open ditch draimage system using log culverts
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11.3.2 Culvert Installation

Correct 1nstallation procedures are critical o the long-term success of a long lasting,
effective culvert. Generally, a2 waterway crossing culvent and a drainage culvert

should be installed using the same proceduces (see chapter 12),

11.3.2.1 Drainage Culvert Installation

For drwnage colverts where it is impractical 10 have the spectfied depth of one pipe
diameter of fill material above the culvort pipe, some special procedures or
construction techniques will be required. However, allowing the culvert to be placed
with 25% of the pipe diameter below the origingl ground level will cause the culvert
to fill with sediment, and a culvert positioned too high will not perform its job

correctly, and may be undermined.

11.3.2.2 Cross Culvert Installation

Cross culverts used for drainage of water from ong side of the read to the other should
be ungled scross the road at ne less than 30 degrees. See Chapler 12 for more details

on instailation.

11.3.3 Number and Spacing of Culverts

Figure 113 shows the spacing required for culverts in various soil and road gradient

situations. To use this diagram:
l. Select the road gradient

2. Move upward to the line for the appropriate soil type

3. Move across and read the culvert spacing off the side axis
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For larger diameter pipes, table 34 can be used as a puide for culvert spacings.

Ground Slope Erodible Normal Soils, Raock Suil,
Silt-Clay Loams Sand & Gravel
Gentle (Undar 5%) 300 m 600 m No Limit
boderate (5-109) 50 m J00 m 00 m
Steep (Over | 096:) 100 m 30 m 300 m

Tahle 34 - Culvert spacing for pipes grearer thaw 380 v tn dicmerer.

Note: If erosion contvol measurey aned check dams are provided in the
road-yitle diteftes, these distances may be increased,

114 FLUMES

Flumes are designed mw cwry waler
froin turn-off drains, culverl outlets
and other directional structures over
batter slopes, to prevent them from
scouring.  Wherever possible, ihey
should discharge tnto o water channel
ar onte selid ground, Where there 15 2
high sedimentation problem. the flume
should et water  overland  for
filering.  Flumes work by directing
wuter gradually down to ground level,
thus eliminating crosion holes below
the culvert due o the water dropping

straight down {fNgures 114 and 115}

Flumes are usually constructed from
corrugated roofing won or timber, or
from  specificaily designed  products

available from pipe manulactorers.

Figrure 115 - With fluming
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11.5 SEDIMENT CONTROL STRUCTURES

11.5.1 Sediment Traps

Scdiment traps can be used to monitor the quantity of sediment produced from a road
or landing. They also reduce the amount of sediment entering the waterways,

howewver 1t 15 difficalt to build them of suitable size.

A sediment trap should be located close to the source of the sedimentation, but showld
not be located in a natural water channel, or watertable drain,  The trap works by
reducing the waler flow velocity, allowing soil particles to drop and settle on the
bottom. However, only the larpe sediment particles are removed, and the trap
becomes ineffective when it is full, requiring periodic extraction of material.
Sediment traps should only be used for short periods, until ptanting of trees and
grasses in the cawchment above the trap prevent soil crosion, they should not be used

as a permanent means of sedimentation control,

The length to width ratio should be 2:1 or greater, and pipe or ditch inlets and outlets

can be used, with the outlet protected to control any erosion or scouring,

11.5.2 S5it Fences

Silt fences are installed to collect sediment from small areas during construction.

They are most likely to be used:

= Althe toe of an embankment slope
» Along the bank of a sensitive stream

= At the down stream end of an erodible carth cut
These fences act as a strainer, trapping silt and sand on the surface of the fence, while

letting water pass through. An added advantage is that they reduce the velocity of the

water flowing helping to control erosion and scouring.
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11.5.2.1 Construclion of Silt Fences

St fences are usuatly made from geotextile fabric. Ahernatively straw bales can be
used by placing them in Lhe path of flowing water.  3iit fences should always be
constructed  before  commencement of the earthworks, and removed once
sedimentation levels have dropped, Lhey should not be used as o permenent mesns ol

sedrmentating control,

1.6 OTHER WATER CONTROL STRUCTURES AND METBHODS
11.6.1 Berms

Raised berms are usually constructed on the fill slope side of the roadway. They are
used to contred the water flow running off the road by dirceting it 10 a turn-off, flume
or streame. This stops the water from spilling vncentrollably over the batter slope

which can cause seouring and erosion.

Figure 1/0 - Urassed Berms

These berms act like a dam, keeping water on one side. They should be buikt from
compucted material, with grass or other vegetation sown on them w control scouring.
I is 1mporiant that inspection and correct maintenance are cartied oul on o regular

[FHEI LR
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11.6.2 Cross-ditches {Water bars)

These water control devices are commenly used on temporary roads. They provide an
cffective, inexpensive method of diverting water from the road carriageway. They
remove water from the watertable drains, climinating longitudinal ercsion, as well as
catching and diverting carrtageway water runcif. The disadvantages of cross ditches
are that they increase travel time (since traffic must slow 1o ¢ross them), they can wear
out or scour quite quickly, and they are difficult to maintain. Thercefore they are

recommended oply for low volume, low standard roads.

For a cross ditch to effectively drain water from the carriageway with minimal
grosion, it must be excavated into the muneral soif or subgrade, and not just into the
soft surface layer. Cross ditches should be positioned at a2 30-depree angle to the road
centeriine, and the ditch and berm should be carcfully extended to the cut bank in
arder to eliminate ditch water bypass. The berm should be placed in the cut bank
watertable drain o divert water along the cross ditch, Figure 117 shows o cross diteh
design layout,  Correct maintenance is needed to ensure that the berm is not

compressed down by traffic.

Water Bar

Waterflow

Road Surface

Figure 117 - Crosy ditch design
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11.6.3 Roadside Vegetation

+ Sowing grasses on balter slopes and cmbaukments helps to control scouriag,
slipping and erosion

+ By reducing the velocity of free flowing surface water, and helding soil in place

« It can also lower the water table level, and

+ Prevents the cstablishmen! of weeds.

Erosion control planting of trees and grasses will help to stop erosion of batter slopes,
{(figure |18}, water driins and ditches, roadside berms, culvert inlets, spillways and
flume outlets. Trees and shiubs may be planted to contre! erosion, however care must
be 1aken to ensure that they will not shade the road, causing problems with moisture

and ice during winter.

The trees best suited 10 crosion conlrol are peplars and willows, and most switable

grasses are perennial rye grass, cocks foot, brown top, and  red clover

Using a variety ol species will increase the
likchihood of success.  In soime cases,
feriiliser can also be added at the time of
planting - this s particularly Dmportan
where organic materiat has been removed
during construction. The key elements are
nittogen, phosphorus,  potassium  and
sulphur, but this will depend on local soil

1ypes and conditions.

Figiwre 118 - Bater stopes grassed to control erosion
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When considering which type of sced mix to use for grass control, preference should

be given (o those which are:

» fast growing

* £ASY IO SOW

# sdaptable to the local sotl type(s) and envircnment
» regrowth in subsequent years

» counumerciaily available

s low mantenance and low cost

11.6.3.1 Planting

The optimum thne to plant is when temperatures are just beginning to rise, and there

15 plenty of morsture and sunfight - usvally during Autumn and Spring.

Best resulls can be achicved if the seed is evenly distributed, is 1 contact with the
soil, and has a light covering of soil. However, this may be linpractical, and heavy
vainfall or swrong winds soon alter planting may wash or blow the seed away.
Therefore, the best time to plant is before a light shower of rain or a heavy dew. This

will help the seed 10 get established.

11.6.3.1.1 Hvdroseeding

Most of the seed distribuion can be completed by hand-broadeasting sceders,
Another method is hydroseeding in which a mixture of seed, rnulch, fertiliser {if
required), and water or is sprayed onto the batter slopes. The advantageof this method
is that the sced is held on the batter stopes by ihe mulch, which not only is a fertile
rmaterial but also helps to proveat the seed from being washed away in heavy rain, o
blown away in hiph winds, This process 1s effective for large steep areas with very
infertile svils. Another option for infertle soils, or in arcas where the organic material

hus been removed, 185 o add a bayer of fertile seil, and then sow the seed.
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11.7 DRAINAGE OF LANDINGS
{See atso Chapter 13)

Steps to be taken both during construction and following the completion of o landing

include;

s  Alwuays have good druinage around the buitom of landings

¢ Compaction of landings in layers during construction using a roller or rubber tyre
mactene will help eliminate patural consolidation.

¢« Have a bench around lundings to allow for any slippage ol uphill material and
logs/debris.

+ Slope landings and skid sites back away from the edge by @ minimum of 3% for
good drainage.

» Roll the final skid level for gond water dramage.

When constructing a landing or skid site, keep a watch on local weather conditions far
adverse weather approaching. Pulting in good drains at the cnd of cach day will help

to drain any overrmght rain quickly, allowing further worlk to continue sooner.

1L.8  EQUIPMENT

The eguipmenl used for culvert installation and the construction of ditch drains
include bulldozers, excavators, backhoes, front-cnd loaders, graders and dump trucks,
most of which will be present at the time of road construction.  However, some
culverts are positioned after construction of the road, and this 18 usually completed

using an excavator or backboe.

See section 7.5 for machine 1ypes and production rates.
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CHAPTER 12 - WATERWAY CROSSINGS
120  INTRODUCTION

A significant proportion of the fotal road construction cost can be due to the waterway
crossing structures reguired, therefore, if at all possible, they should be aveoided or

nunimised to as few as possible when planning a road layout (see chapter 6).

However, where waterway crossings are required they must be correctly destgned and

constructed to ensure a long and trouble-free working life.

The potential for contamination of the waterway 1§ significantly increased at the point
of crossing, not only during construction, but also as vehicles pass over the waicrway

crossing structure, and if there should be any undermining of the approaches and

abutmenis.

12.1 TYPE AND LOCATION

The fellowing factors have the most infiuence on the type of waterway crossing thal

should be used:

[

Intended use - includes fish channels
- logging traffic versus light vehicles
= Size of the waterway
= Waterway bed and bank material and stability
» Peak water flow level and design poak flow level
» Topography and catchment characleristics
* Goology

» Water quality requirements

‘The major types of waterway crossings in New Zealand are:

* Culverts - including arch (half-pipe), box, and oval culverts
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¢ Bridges - including permanent structures as well as temporary
portabie stouctures
« Fords - including open and concrete pad fords

» Temporary waterway crossings - including corduroy log bridges

Combination - battery culveris

The initial planning of a road construction project will identify potential walerway
crossing sites. The requirements {ur o potertial crossing are that o should cross the
narrowest point of the waterway at right angles. and the banks are stable. Fords or
buttery culverts shouwld be positioned at shallow powts which have low stuble banks,

and u stable bed.

12.2  CULVERTS

Culverts arc the most common waterway crossing strocture used for water conirol in
forestry roads in New Zesland. Compared with other walerway crossing structures,
culverts arc easy to install and relatively cheap, and, il designed, constructed and

mainlained cotrectiy, they will deliver good service for many years.

Culvert sizes must be caleulated to cope with (he peak water [lows rom the catchment.
Anengineer's input will usually be obtained when designing major culverts Lo ensure
that they satisty regional council reguitements. A major culvert which 1s 1o be
constructed an a permanent arterial road must be designed for a 50 to 100 year storm
event. This will eliminate major damage o the road and culvert, and Lo uny other water
control structures. Therefore, the road will remain open durning high storm and {lecd
evemts. However, due to the low trafiic volumes along secondary forestry roads, the
cost of delays due to surface flooding is usually fow, therefore, the design discharge of
a culvert can be lower than the catchment discharge, and 2 recommended 5 1o 10 year
fleod retrn period should be used for the design. This design criterion, with the added
tlecdway development, allows excess witer o pass over the road without any major

damage to the road or culvert.

I
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Culverts are best suited [or sincations where mediam o low water volume tlows are

experienced, and where there is medium o low debris potential.

12.2.1 Pipe Culverts

Types of pipes most commonly used are:

L. Reinforced concrete pipes have very good hydraulic characteristics, and are
excellent for situations where a high load bearing capacity 15 required. They can be ce-
used very easily, and will last for long pericds wilhout cormoding or losing their
structural strenpth. One disadvantage of concrete pipes is that they are heavy, and
therefore hard o handle and place inte pusition - heavy equippient is required Lo
eransport, loud, unload, and position them.  However, despite these constraimnts,
concrete pipes have heen used successfully for culvents for many years, and will

continue to be used in the future.

2. Corrugated Galvanised Sieel and Plastic culveuts are made from pipe sections,
which are, butted together, locked, or overlapped to give a snug watertight fit. Because
of their lightweight construction, they can be assembied on the job, and requte only
ane or two people lay them into position. Also, transportation and handling costs wre
reduced due to their lighiweight design. The corrugated pipe construciion means that
these galvanised steel and plastc culverts have a lower water discharge capacity,

{diameter for diameter), than the commercial smoothbore reinforced concrete pipes.

i Corrugated Alumanium pipes could be used in situation where the soil or water
is likely to corrode alternutive pipes. Due to their non-rusting characteristic they have a
longer life potential in harsh environments. Also they we also lightweight therefore

easy 10 handle and transport.

12.2.2 Box Culverts

There are many different types of box colverts available, including a U-shaped trough

with a Iid, and an inverted U founded on a concrete base (figure 119, Box culverts



have a distinct advantage over other culvelt type structures - they can cope with large
flows where headroom 1s limited, and for an equivalent walerway area, box culverts

can accommodate significantly Jarger flows than corrugated alternatives
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Figure 119 - Box Culvert designs

Another advantage of box culverts is the minimal excavation and back filling required,
they are therefore ideal for placing in areas which are difficult to excavate such as solid
rock, They are also designed to withstand heavy wheel loadings and can therefore cope
with little or oo fill maierial placed over the culvert o distribute the [oad, This design
allows the box culvert o he used for “instant” waterway crossings, allowing for
tinimal traffic disruption or delays, since traffic does not have to wait for fill to be

compacted or other in-situ construction techniques to take place.

12.2.3 Battery Culverts

The battery culvert (figure 120} 15 suited to sitnations where there is a requirement o
keap vehicle wheels dry during normal flow, but during high fiow events overtop flow
is acceptiable. The finished design herght should be as low as possible 1o allow
continued water flow. They are ideal for situations where a fish passage must be
maintained, and they have no load restriciions, making them suitable for all forestry
and lpaging trufbic. Overall, the battery culvert is o low cost alternative to an

equivaient high-level bridge.
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Figure 120 - Buttery Culvert

12.2.4 Arch (half-pipe) Culverts

Arch culverts can span up (o approximately 12m, and can cope with flow rates of up to
75m" per sccond, They can be used where there are fish present since they allow the

natural streambead (o be tetained.

The limited amount of design worl required, and their case of installaion make the

arch culvert an aticactive alternative to a brdee.

12.2.5 Log Culverts

Log culverts (figure 121) can be very inexpensive, since most of the materials required
are avalable on-site or near by, They are ideal in situations where small streams are (0
be crossed without disturbing ihe stream bank cr bed, and are especially good for steep
gradient streams, and streams where ongoing minor debris problems are expected. A
log culvert should be considered as only a short-term stiucture for temporary roads, or,

an perowanent roads, as a temporary structure wnlil @ permanent structure can be

instafled.
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Figrere 121 - Log Culvert
12.2.6 Size of Culverts
There are three main methods used to estimate culvert size:
(i) Qld culverts at the proposed waterway crossing site (or culverts up or down

strearn on the waterway, within the same catchment) can be inspected and used

as a design (emplate.

[y  Anempincal formula can be used to dircetly determineg the required size of the

culvert opening.

(i A formula can be used ro determine the amount of waler reaching the colvert,
then u second formula or a graph is used to determine the culvert size required

to ciury that amount of water.
12.2.6.1 Determining Size by Inspection
Existing cubverts within the sanme catchment can be used as @ design template if they
have been in place for a significant amount of time without needing constant
maintenanes, and have not been hindered by updermining, scouring or by-passing.
This is the most widely used method of determining culvert sizes for water control,
However, it must be done with an some caution owing w possible changes in upper

catchment vegelation, mercssing the catchment water vidume dischavge,  Also, care s
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needed crossing large waterways where high water flows are expected, and with

cuiverts built during drought years may be inadeguate in the fulure.

12.2.6.2 Use of an Empirical Formula

An estimation ¢f the design peak flow discharge can be oblained from hydrological
measurements obtained from catchment rain gauges (Pluviometers} and then applied 1o
skandard methods, such as flow frequency analysis and unit hydrographs, to determine
the culvert diameter required. A check with the New Zealund Meteorological Service,
Regional Authorities, or the National Instiwte of Water and Atmospheric Rosearch
(NIWA) will deteymine if up-to-date hydrological measurements are available io the
catchment avca. For catchments that do not have gauges, the design discharge must be

estimated by empirical methods.

There are many cmpirical formulas which can be used to determune the culvert size
required for any given catchment area, topography type. and rainfalt intensity. Most of
these formulas calculate the design peak discharge, which can then be used 1o

determine the culvert diameter, using the appropriaie nomograph.

Of the many formulag, the four most commeonly used in New Zealand are:

Formulas determining discharge from a catchment:

1 Techiical Memorandum No. 61 {TM 61) - Developed spectficatly {or New
Zealand conditions, und can be applied to catchments up to 1000 kmz, {100 000
fa) (with some conditions applied). However, some evidence suggests that this
formula underestimates design peak discharges for small caichments of | o 23
km® (100 ha - 2500 ha) in the Northiand and Aucktand regions. There is also
cvidence that in some arcas of the Central North Island, TMSI1 overestimutes
discharge. TM8] is widely available in many libraries, See A methoed for
cstimating design peal discharge TM61"  Planning and Technical Services,

Water and Soil Divison, Ministry of Works and Development, June 1984,
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2. Rational Method - Acceptabie when applied to small catchments of between |
and 25 kim® (100 ha - 2500 ha). This formula is also specifically design for

New Zealand and appeals because of its simplicity.

3. Synthetic Unft Hydrograph Method - Used for very large catchment areas and
can be more reliable than the resulis obtaioed from TMa1, A very uscfil but
cluborale method as described by Linsley er «f {1958, pp.203-208) and Gray
(1970, pp.8.36-B.47). Note: This method is not developed further n ihis

gl

Formulas directly determining actual culvert size required:

1 Talbot Formeda - This formula gives the culvert size dircetly and therefore is
caonstantly used in New Zealand. However, it is an empirical formula based on a
large number of observations in the 1.5 A and is therefore not directly relevant
to New Zeatand conditions, It also often over-designs in arcas of low rainfall.
This formula shoufd he used with caution and resuits obtained should be
checked using a New Zealand specific formula.  Various modified Taibot

Faemnula methods are documented from the USA and New Zealand.

2. Manning's Formula - This 15 2 widely used formula to determine the flow from
a catchment. It relies on the easily determined characteristics of the water flow

channel and the surrounding floodplain.

The Rutional Method, Manning's Formala and Talbot Formuda procedures and

examples can be found in Appendix D, following this section of the manual.

Nete: It must be recogrived when using any of these formulae fthat there
s afways an element of error associated with every empirical design
method, Some  formidlue  will  underestimate, and  others  will

crverestiingre, so all results showld b ayed with coution
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12.2.7 Culvert Installation

Correct culvert installation is essential to the cnd performance and hife of a culvert.
Correct compaction of material surrounding the culvert will climinate the effects due 1o
natural culver setilement, and also siep the culvert from being crushed under loading,
Other procedures, such as maintaining the desired grade through the culvert, will help
to reduce the sediment content, and stop debris settling in the bottom, increasing the
risk of blockages. A grade which is oo steep will increase the water flow velocity and
increase the risk of scouring both in the pipe and at the pipe outlet. The resulting

undermining of the culvert pipe will cause erosion of the batters and voadway.

Where culverts are to be placed in a natural walerway, they should be placed along the

general grade of the shream. I the {oundation is not firm enough to support bath the
. 1
culvert and the applied loads, then a wench should be excavated to at least 3 the

diameter of ihe pipe, and back-filled with a good quality “all in cne™ aggregate. Good

compaction of this material witl form a firm base which will reduce culvert seitlement.

The gravel on top of a culvert distributes the applied live load and also decreases shock

loadings produced by passing traffic.
12.2.7.1 Ylexible Culverts

Flexible cuolvert pipes are usnatly manufactured from plastic, steel or aluminium, and
are designed to flex and deform under loading. This allows a significant proportion of
the applied vertical loud W be trunsferred (o the surrpunding stdefill matevial,
producing a more Balanced situation than for a rgld pipe design {fgure 122). It is
important, therefore, that excavation for the trench be hackfilled with well-compacted

matenal. Figure 124 gives recommendations as 10 the size of the trench required.
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Flexible Pipe

Yertical soil load

Almost equal o
vertical soil load

Figure 122 - Flexible pipe load transfer

12.2.7.2 Rigid Culverts

Rigid culvests, such as concrete pipes or box culverts, are designed 1o take the applied
loads from vehicle movements over the pavemnent above. The rigid pipe must support
raost of the applied vertical load, transferring only some of this load to the surrounding
fill material. Therefore, little, or in some cases no side-fill supportt is developed {figure
123).

12273 Foundalions

When constructing the foundation, care must be taken to avold having lorge rocks
which would damage the pipe, or force it W be skewed sideways, This is particularly
imtportant for coacrete, steel and aluminium pipe culverts, but may not be as necessary
for plastic culverts since they can be slightly diverted around an obstacle,  In situations

where some selllement is expected, it is advisable to curve the foundation upward near
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the centre of the culvert, so that, alter sctifernent, the pipe should be at the desired

grade, rather than having 4 sag in il

Rigid Pipe

Vertical 501l Lload
{Large)

Sidefil] suppart
{Small)

S T T

Figure 123 - Rigid pipe load transfer

12.2.7.4 Backfilling

Buackfilling around o culvert must be completed correctly to ensure that the pipe will
nok sag aiter nuturel settlement, and to help distribute the applied loads, For flexible
culvert pipes, the correct compaction of material arcund the pipe will ensure efficient
foad transfer - without correct compaction the pipe may be crushed under loading. The
backf{ill material aise distributes the shock loading applied during kraffic movement
over the culvert. The material used for backfilling should be an “all-in-one™ grade
material that will compact easily. To achieve good compaction, and eliminate natural
settlement, the material should be placed and compacted o tayers of 130 to 200 mm.

Ideally the optimum mwaisture content (OMC) sheuld be achieved duting compaction.
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Figure 124 - Culvert installetion praciices.

Noter Most pipe and cudvert manufactures and supplicrs will have their
own practices and procedures on how drelr producty should he installed.
Fhiy information would superscde any information presented in Hhis

il

12.2.7.5 Construction of a culvert in a flewing stream

When constructing a culvest in a flowing stream, the flow must be temporally diverted
clear of the proposed culvert line using pipes, flumes or drainage ditches (figure 125).
Where the flow is wo large w divert, it will be necessary to let it remain in the channel,
and to construct the trench for the culvert alongside the channel. A solid block of cacch
or rock upstream can be used (o stop the flow of water into the construction site until

the culvert is compleated.
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Orizinal Waterway A
\ d Temporally Driverted Suream

Praposed Culvert Sie

Figure 125 - Temporarily diverted stream for construction of culvert

12.3 BRIDGES

Permanent {orestry bridges in New Zealand are normally wsed on arterial roads, and on
some secondary roads where it s cssential that access be matntained. Bridges are
normally used in situations where resource restrictions prevent the use of culverts, due
o their restrictive nawre, or where the walerway span is tog large for a culvest

Bridges arc less likely to block than culveris.

n some instances, temporary portable bridges are wsed for logging waffic for short-
icern harvesting and transport access.  These bridges are usually low-level struchores
used 10 climinate sediment from vehicles travelling \brough the waterway or are

required for access into blocks with difficult werrain.

Bridges arc rccommended for use when the following conditions exist:

e Mediwn to high traffic flows

« Sigwficant {ish resource

» Lurge and variable water volumes
¢ High debris potential

« Sensitive channel bed and banks

+ High walerway banks
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12.3.1 Types of Bridges

There are many bridge designs for both permanent structures and temporary waterwiry
crossings. Mowever, since bridges must be designed to carry heavy loads, usuvally in

high volumes, then the design should be completed by a qualified civil engineer.

12.3.1.1 Permanent Bridges

Permanent bridges shoudd be wvsed on major asteriad roads, and on secondary roads
which have high trafflic volunes. They are designed with enough clearance o allow
high floodwaters and debris to flow wndermenth, The clearuace required will depend on
lgcal authority regulations, the flood return period chosen for design, and the debris
potential in the catchment above the bridge site. Many prefabricated designs allow lor
quick aszembly and easy installation in a rcmote foresloy situation. Howewver,
limitations on their use may result due to limited uceess through tight corners and steep

slopes. This should be checked before initial design work s started.

12.3.1.1.1 Log Bridges

The design and construction of log Dridges s similar to that of laog culverts but oa &
larger scale. However, because it has a longer span, the log bridge may be required to
support the entire weight of a fully loaded logging truck or other machine. Therefore,
the design of such a structure requires certification from a civil cngineer, The
construction of log bridges is a very complex and detailed process. This manusl does
not give detailed design and the following reference should be consulied for design
practices and procedures (Nagy M et al, 1980 Lop Bridge Construction HundBook
FERIC).

Log bridges covered with earth are subject to rot and in New Zealand is seldom an

econoinic method of bridging.
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12.3.1.2 Temporary Bridges

When short term access (less than six years) across a waterway is required for
harvesting operations, partable or removable bridges are an altractive alternative.
Using portable bridges can allow greater flexibility for positioning roads, and skidder
tracks, and, if used over a number of sites, the initial capital cost can be spread aver all

sites. Portable bridges have the tollowing advantages:

The cost distributed over a number of sifes

» The waterway is easily restored to its original condition

There is minimat waterway disturbance

They have a simple, vugged, lightweight design

They are easy to wansport from sie (o sie

Portable bridges are designed for rapid construction und dismantling most consist of
prefabricated beams and decking which ts transporied to Lhe site, and placed over the

waterway, however, some are constructed on-site using second-hand niaterials.

Spans of up 10 23 m can be bridged with prefabricated beam structures, requiring a
loader, excavator, or crane (o place them into position. Mosi of the machinery required
for the construction of these bridees, 1s rcadily avuidable in most forests, so cost of
construction s less. Smaller bridges can be unloaded by a loader, and dragged into

position with » skidder,

Abutments ave usually construeted using large logs, or sometimes concrete, depending
on the ground conditions and potential traffic loadings, and the waterway bank

stability. All abutments should be designed by a civil engineer.

Bridges used only by foresiry machines can be, stream crossing mats, dam bridges, or

sieel bridges.

Bridges to be used by logging trucks are usuvally constructed from stress or glue

laminated beams, pre-stressed concrete, or taped steel beams,
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Altarnatively low-cost short span bridges can be built using open railway wagons

placed side-by-side across 2 waterway (ligure 126}

Figure 126 - Porable temporary bridges using railway wagons

12.4  FORDS

Fords are used in situations where the waterway has stable banks which lead across a
natural low section of the waterway, making it easy {for the road grade 1o be brought
down to the level of the channel bottom, A stable waterway bed with fow (10 medium

water {low is essential for the viabiliey of a ford. Fords are ideal for situations where:

» High delris potential is expected
¢ There 15 no lish resource prosent

» Low traffic volumes or inlcrmittent use are expecied

The potential for sedimentation from & ford is significantly greater than from other
furms of waterway crossings, and care must be taken to limit this.  Envirommental
considerations such as duemage 1o habitat, reduction of water guality dnwnsuéum, and
the effcets on fauna and flora can be controlled using correct design and construction

technigues and procedures.
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ivlost fords are only used for temporary crossings for logeing vehicles or, possibly for
more permanent use for silvicultural vehicles. Due o the potential risk of flooding and
the ford becoming impassable, they are only used where it is #of cssential that vehicle

access be maintained.,

Conerete pads are sometimes used on the riverbed (o give a good traction surface and
to reduce sedimentation. This will also reduce the risk of crosion of the waierway bed,

und ts vsually only completed at permanent foed structures,

12.4.1 Design of Fords

The best solution to a successful ford is o maintain the natural grade of the waterway
as much as pessible. Initial planning should allow Tavourable grades 1o lead to, and
from the crossing. Large diameter tailings from a quarry or river can be used for the
downstream edge of the ford, producing a weir type structure which will reduce the
erosion of the waterway bed. This should only be undertaken if a fish resource is not
present, and upstream access for fish is not required.

The road profife should be designed so that it will dip into and out of the waterway, in
a concave shape which is sufficiently deep to prevent water from being diverted down

the roadway, The crossing should always be at right angles to the stream.

12.4.2 Constraints

The manner of use, and level of maintenance of a ford is critical to enswing its long

life. In order to eliminate any struciural or eovironmentat damage from occurring:

Nothing should be allowed to be dragged or skidded across the ford
* Vchicles using the ford should not leak fuel, oil or other Nuids
» The foid should not be used if the water depth is above the axle of

the crossing vehicle

* Restrictions on the time periods allowing erossing {(where necessary)

should be strictly adhered to
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CHAPTER 13 - LANDING CONSTRUCTION
130 INTRODUCTION

The construction of landings and skid sites iy refatively straight forward. A landing
can be thought of as simply an extension of the access road, where the roud becomes
wider and flat,  Therelore, the initial planpning, setling oul, and construction

procedures and technigues are very strmilar to those for road construction.

3.1 LANDING POSITION

During the initial planning stages {scc chapter &) the landing position{s} should be
determined. The site will be detcrmined by the harvesting system, road access points

e,

3.2 LANDING DESIGN

There are many variations of landing design. Which design to use is usvally

determined by 2 number of factors. These factors include:

» Avalable area

+ Terruin

« 5ol type

« Types of machinery to be used on landing {ie. hauler vs skidder, Madill 071 wvs
Thunderbird Swing Yarder, Rubber tyred front-end lgader vs excavator etc.)

+ Number and size of log stacks

» Processing area requirements
.3 : .
s Tree Jength (e 7 length required to land log on landing)

» [oading oue facilites

s Access points {i.e, roads entering at « certain point)
s Truck manuverability requirgiments

o Storage requirerments

« Machinery production (i.¢. to reduce effects of bottie necks)



When designing a landing layout several generul rules showld be followed to

maximise the area walisation:

s Stack logs around perimeter

» Keep fastest moving logs in the most accessible location

+ Keep all log but ends in the same direction fur easy loading

13.2.1 Size

As g rabgh guide w the size required for various landings, the following formulas can

ber used:

Hanler Landings:

Where:

A = 0005 +{0.00022 x ALL{m)}+ {0014 x N.L.5)

A

ALL
NLS

Skidder Landings:

Whete:

= Landing area in hectares

H

Average Log Length (m)

= MNumber of Log Sorts

A = 0.01 +(0.0005 x P (m'/Day) + (0.016 x N.L.5)

A
P
N.L.S

= Landing area in hectares

Il

Produetion {nﬁfday}

MNumber of Log Sorts
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13,22 Shape

The shape of a landing will be determined by a number of factors, including:

» Topography

« MNumber and leagth of log stacks

« Type and quannty of mactinery working on the landing
» Ropading access oplions

* Loading facdities

The three basie landing shapes used are circular, reclangular and square. Table 35
gives the comparative landing dimensions and available perimeter size for a 0.24ha

ianding of various shapes.

Landing Dimensions Area Available Perimeter
28 m Radius .24 ha 176 m
49 x 49 m square 0.24 ha 196 m
60 x 40 m Rectangle (.24 ha 200 m
80 x 30 m Rectangle 0.24 ha 220 m
100 x 24 m Rectangle (.24 ha 248 m

Table 35 - Comparative landing dimensions

£3.2.3 Generic Landing Layguts

1. Drive-Through Landings

Drive-through landings (figure 127) are used where a loop road allows trucks to enter
the landing from one end, continue through the middle of the landing, and leave via
the other end. This reduces the urcs required for turning circles. Logs can be stacked

on both sides of the road allowing the truck to be loaded trom either side.
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Figure 127 - Drive through landing
2. Roadside Landing
This design (figure 128} is very similar to Lhe drive-through [anding, however the

landing is positioned (¢ une side of the road only. The main disadvantage of this

desipn is thae trucks can only be loaded from one side.
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Figure 128 - Road ride landing

KN Spur Road End Hauling

These landings (figure [29) are used in difficult terrain where access is diffieult, or
construction is wo cosily (o provide a through road. The landings are larger, since o

turning area is required for trucks, wasting space which would otherwise have been

uscd for log stacks or processing.
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Figure 129 - Spur road end hawling landing

4. Split-Level Landings

Split-level fandings (figurc 130} are an option in stecp couniry. The hauler s sited the
upper level, and the lower level is used as the landing and processing area. The
advantages of split-leve! landings are that they require less eacthwaorks, and thewr batrer
slapes can be shorter, This results in less scowing and improvements to the visual

LIpRCL.
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Figure {30 - Split-Level Lancling
5. Two Stage operations

Two stage operations use two (or more) landings or skid sites - where one i used to
land logs, and the other ts used to process, stack, and load out. They are ideal for

steep or difficult country, where the construetion of a full-size landing may.

« Require extensive carthworks
» Create difficulties for itecks accessing the tunding i.e. two steep approach

e Cenerate adverse environmental aspects from large quantities of earthworks

Two-stage operations require a skidder or forwarder to move the fogs from the landing

o the processing area.

133 CONSTRUCTION

Landing construction requites a similar process o road construction. The landing site

should be marked out, by completing the following steps:
1. Posttion the cut and fill pegs as for road construction (treat the landing as if it were

an extremely wide but very short road),

2. Mark the uees which is to be removed 10 allow earthwaorks to be completed.
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3. Mark the trees to be removed to allow sight distances (o be improved (for entering
and exiting traffic).

4. Mark trees to be cut high for hauler guyline anchorage points

3. Remove all marked trees

6. Construct landing

An excavator or dozer usuatly completes construction of a landing or skid site. The
top orgamic material is stripped off the landing site and dispoesed of  The dozer or

excavator then strips further material until (the desired final landing level is achieved.

13.3.1 Construction Techniques

Three main methods of landing censtruction can be used. The soil type and the
environmental considerations such as stream sedimentalion and visual effects will
determine the construction method chosen,

1. Sidecasting

Uulising a crawler tractor or hydraulic excavator, the landing can be formed by

sidecasting material onto the cutover.

Potential Adverse Impacts -

Sedimentation and runoff from landing surface and sidecast spill may cause
reduction in water quality

+ Risk of scouring or slumping on unstable sites

» Loss of productive [orest land or permanent reduction in site productivity from
removal of top soil and compaction

* Visual impact on steep terrain
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Methods of Reducing Adverse Impacts -

2.

Locate landings un stable sites by identifving and avoiding unstable areas

Prevent runoff on to landings or fill

Compact landing prior to use

Locale away from waler courses and avoid depositing spoil in waterways

Ensure landing runoff is fillered through sediment fraps or existing vegetation
before entering waterways

Use cut and fill or endiaul technigues on sensitive sites

Re-vepetate batters and spill where necessary

Avaid construction in wet conditions

Allow sufficient time for siabilisation before use

Use small logs to cordurey wet sites and spread load

Cuat and Fill

This technique is essentially the same as sidecasting however the fill material is

placed and compacted in place instead of being pushed wnto position. Usoally any

combination of a, bulldezer, excavator, motor scraper, compactor or grader, are used

for cut and fill operations.

TPotentiul Adverse Impacis -

The adverse effects of this (echnique are very similar 1o sidecasting, but Jess risk of

high quantities of sediment.

Methods of Reducing Adverse Impucts -

*

As for sidecusting the same techniques can be utilised to overcome the adverse

cifeots.
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3 End Hauvling

End hauling operations cui all material from the landing site and transpert this
malenial to a dump site. No sidecasting or fill construction is completed. This method
i5 ideal for steep or difficult country where adverse covironmenial effects would be

enceuntered with other construction techniques.
134 WATER CONTROL

Ay for a road pavement, water contrel is critical to the survival of the landing or skid

slte. A few simple methads which will help to control water runoff are:

. Compact bayers of material during construction,

. Place benches around the battom of the fanding 1o ¢lintinate debris and
water from cascading down the culever.

. Slope the landing buckwards away from the landing edge by at least 3%

- Position a drainage channel at the back of the landing o collect and direct

water runoff.

See also sceton 1.7

13.5 SUMMARY

Usetul techniques for construction of Landing sites;

¢ Do pot push too much material over the edpe when sidecasting

o Always strip and remove organic material from the construction site

= Soil compaction during construction reduces the time-frame between construction
and utilisation and help drainage

» Benching around landings will control slippages or other material from rolling
down the cutover

+ Slope landings uway from the edge by approximately 3% for good drainage

*  Alwuys have good drainage away from the landing sites
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When construction 15 being undertaken care should be taken to liemit the risks that
adverse weather may have on the site. Putting in good temperary drainape systems at

the end of each day's construction will enable the site o be drained quicker, and

therefore construction can continue earlier ance the waather clears.
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CHAPTER 14 - ROAD MAINTENANCE
14.0  INTRODUCTION

Every pavement, no matier how well designed and constiucted, will deteriorate due 1o
traffic, weather conditions, and material properties. Repular maintenance is therefore
required to provide the desired level of scrvice for each road. Efficient scheduling of
maintenance will prolong the life of the road by decreasing the rate ar which

deterioration ocours,

Maintenance practices need to be specifically designed tor the pavement type, and tor
the traffic volume, frequency and uxle weights, Unsealed roads are very suscepiible to
rapid deterioration cavsed by traffic damage and water entering the puvement.
Maintenance not only preserves the road, but alio protects nther cesolrees, maintaing

user safety, and provides efficient trave] along the route.

14.1 LEVEL OF SERVICE

A level w which the road is allowed 10 deteriorate before maintenance is requived, must
be determined, This level is completely arbitrary and i3 specific to each situation. I
may be the level of roughncess, or simply the time it takes a vehicle (o wavel over the
road. It is essential o have such 2 measure, since without speeific indicators 1L 15 very

casy o do oo mueh maintenance and thercfore waste money.
Forestry roading is wsually only maintained when the severity and frequency of defecrs

such as corrugations, potholes, rutting, and loss of crossfall becomes noticcable. This

1% therefore usually used as the level of service indicator,
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142 MAINTENANCE REGIMES

There are two types of maintenance which are used for any roading network:

Preventaiive maintenance

Under this regime, the road is constanlly maintzined from the time it is constructed, 1o
help prevent any major detects and pavement damage from oceuring. This prolongs
the life of the road, but it may have a high cost since it has w igh demand on resowrces,

and therelore may not be economicaily vizble. Preventative maintenanee usually has:

» A higher initial cost

¢ Anincreased service Life of the roud
+ Reduced vehicle coses

s Anincreasc in safety {or road vsers

e Nore elficient use of malntenianee resourocs.

Figure 131 shows a typical preventative maintenance regimne and asscciated user travel

time, vehicle operation, accident and discombont costs.

Note: Fven [f preventative mainienance strategy iy adopted, some on

demand maintenance may be required when wnforseen events oocur.
On-demand corrective maintenance
bregolar maintenance which corrects any defect as they arise (figure 132).  This
prevents mainienance that attempts to predict defects in advance. This level of
maintenance is low cost but Lhe road may require rehabilivation eurlier.

Cn-demand maintenance procedures can:

¢ Reduce the overall etficiency of mainicnance resources

s Resultin higher vebicle operating costs
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+ [f defects are left too long they can cause severe damage which may

req e extensive pavement rehabilitation.

The maintenance strategy to be adopled will be determined by the imporance of the

road link in the network. Major roads will require preventative maintenance. whergas

lower grade roads cun be maintained simply on-demand.
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143 RECONSTRUCTION/REHABILITATION

Major repairs to the pavement, watertable drains, culverts, bridges etc will necd to be
completed when thew level of service reaches a critical condilion. These repairs
include major maintenance or reconsituction to restore the road to {or near (o) their
original service level, The length of time between reconstiuction varies depending on
the volume of wraffic, clunutic conditions, materials used, and the mamntenance regune

chosan,

144  MAINTENANCLE MANAGEMENT SYSTEMS

To ensurc that o pavement is maintained correcdy, regular inspection is required &
identify problem, or potential probiem arcas. Various techniques can be employed for
pavemncnl nspection, including & regukar inspection schedule based on the traffic
volume, axde weights, and pavement matenial used,  Alternatively 4 Road Conditien
Rating System (RCRS) can be wsed. These tools use rating indices to quantify the roud

pavement condiion.

14.4.1 Inspections

Features which should be noted during an inspectian include:

Favement Surfaces:

= Flaccrewn

¢ Depressions
+ Polholes

* Soft spots

» Shoving

» Slippery surtaces

[haseciud Shoulder Surfaces:

& [urg
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» Potholes
v Soft spots
v Low and High shoulders

* Scourtng

Grassed Shoulder Surfuces:

* Buildup
+ 5Soft spots
« Poor slope
+ Ruts

+ Debris

+ Heizghe of grass

Warer Channels.

= Drebris build up
+ Blockages
*  Scour

» Vegetation growth

(tfrer:

» EBExcessive dust

« Encroaching vegetation

14.4.2 Wet Weather Inspections

During, or soon after wet weather it is advisable (o complete a road and drainage
system  inspeclion, identifying problems which may have been missed during dry
conditions. This wil] give an indicalion of how well the puvement drainage system s
pperating, and how well culverts and other water control structures cope.  Possible

problems are:
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+ FPonding - on the road surface and in the watertable drains
» Surface flooding

* Blockages

» Leaking flumes

» Lcaking culvert joins

¢ Seepage up through the pavement

s Waler runoff across the rgad instead of intg the walernable

The results from these surveys should then be used to develop a maintenance plan to

s1t e situation.

14.5  MAINTENANCE PRACTICES FOR VARIOUS ROAD CLASSES
{See chapter 4 for a detailed description of each road class)

Establisftment tracks:

Usually, only light silvicultural vebicles travel over these road carriageways, 1herefore
lutcle, if any, maintenance is requited. However, these roads should still be maintined

1 & level which will allow access For fire-lighting machinery.

Spur:

Spur roads are useally only maintained during the period of time they arc required.
The level of maintenance required is minimal, depending on the level and frequency of
ase.  During harvesting, wood extraclion operations may result in high numbers of
heavy vehicle movements on the roadway, whercas during other periods, only light

silvicultural traffic movements are likely.
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Secondary:

Sccondary roads are the fecder roads which link the spur roads and arterial voutes.
st secondary roads bave a steady flow of both heavy traffic and light vehicles, Ower
an extended period of time the level of usage will vary with the quantity of harvesting
and other forestry work being completed within the secondary road catchment. This
level of constant vehicle movemeants maans that constant maintenance of these roads is

needed. Although the level of maintenance may vary over time.

Arterial;

Since these roads are the major Teeder rowtes into and cut of the forest block, they must
remain open. A constant, high level of maintenance must theretore be maintained.
Preventative maintenance as well as on-demand muintenance is necessary to keep

raffic movement constant without delays and blockages.

14.6 DEFECT CAUSES & CORRECTIVE FPROCEDURES

There are many types of defects which can eocur within a pavement or shouiders, they
may be aggravated by a number of factors such as the presence of water, the level of

traffic movernent and leading, and the ype of puvement materials used.

14.6.1 Surface Defeeis

Surface defects atfect the top running swiace of a pavement. These delects lead 1o
discomion for drivers, and damage to vehicles and goods, and they can eventualily lead
o grealer pavement or éven subgrade defecls if 1eft unanended,. The following are a

list of surface defects:
I4.6.1.1 Corrugations
Description - Wlaterial is displaced, and arvanges itself into pacalle! ridges which lie at

right angles 1o the divection of the traffic.
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Cause - Corrugations are caused by the bouncing movement {oscillarions) of vehicles
as they travel over the pavement. The mass of a vehicle can deilenmine the level of
movement - 4 losded vehicte will cause little dumage, whereas an unloaded vehicle will
bounce significantly more, especially when travelling up slopes. Onee corrugations
start to form they induce furlther veliele movement which increases the rate of dantage
to the pavement. Any irregular surface feature will mitiate vehicle oscillations, causing
corrugations to oocur. The type of vehicle suspension can alse contribute @ the

problem.

Carrective procedure - In dry conditions the uwnderlying mmaterin] bengath the
corrugations 15 usuaily not affected.  Cutting Lo the depth of the conugation and
respreading  the material vsually rectifies the preblem. In wet conditions ihe
corrigations sometmmes move down, and defonin the basecourse and lower puvement
Lavers.  In these cases the pavement should be left to dry, and reshaping and

compaction of the material is regquired 10 form o surtace for water ron off

Longer-terin corrective measures include the addition of a elay blnder or lime
stabilisation of the pavement, and the importation of a higher quality crushed aggregate
for isolated (rouble spots. Where corrugations occur at the approsches of bridges, on

steep grades, or on low-radius curves, sealing will provide the necessary conwol.
Preventative procedures - Lightweight drags towed behipd a wehicle cun be an
effective preventative lreatment.  Other equipment such as o lightweight grader or
brushes attiched to, or pulled by, o utility or tracior can be used to pass over the surface
ait & regular basis, Compaction alter maintenance grading may alsa help.

14.6.1.2 Potholes

Deseription - Potholes are round or oblique holes formed in ihe upper surfaces of the

pivvemenl. They generally ooour:

+ inthe wheel piwhs
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+ in low lying areas
# in shaded areas where the road 1s constantly wet
+ where there is fittle or ne crossfall {e.g. at bridges approaches, whele

the alignment changes from left to right, on superelevation ar S

bends, and ot intersections.

Cause - Potholes are generally caused by poar pavement drainage due to low (or non-
existent) crossfull. Water will Lie of the sueface of the pavernent and seep into the top
layers. Movement of vehicles over the arca steips the surface matcrial allowing more
witer to enter the pavement. Fine inaterial s then suspended in the water and carred

Hw iy,

Corrective procedures - The only remedy is to restore the crossfalt and superelevalion
to its original level, 1o ensure adequate drainage. This can be easily achieved by cutting
the surface, and grading 1he pavement back to a correct crossfall. In severe situations,
new material will be required to reptace what has heen lost, and mixing and re-shaping
is required. Crossfall superelevation should not be too hegh for heavy vehicles - 6% 13

sigeested as an absolute maxinum.

Preventative procedures - Increasing {or constructing) crossfall will encourage water

runedf.  Also, swabilisation of the pavement, or the use of @ moisture-retardant can be

used in areas where the pavement is constantly shaded and wet.

14.6.1.3 Ice formation on surface

Description - I[n shaded arveas the roadway can beconme iced over during the winter
menths. Roadside trees can prevent the sun from melting this ice, resulting in the road
keing stippery all day, and compounded during the next night.

Preventative procedures - Using a sharp, large aggregate will cause it to protrude

above the ice formation, providing a safer running surface. Also, trees can be removed

from the sides of the roud 10 allow sun onto the pavernent (see section 7.1.2).
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14.6.1.4 Surfaee scour

Description - Scouring can occur in both the longitudinal and ransverse dirgctions.
Shallow or sometimes deep scouring of matecial from the running suiface of 2
pavement can occur, causing problems for trattic, as well as opening up the pavement

to the weather which may cause further deterioration and defects.

Cause - Scouring is caused by the flow of water over the pavement due to:

Lack of compaction or fack of basccourse binding

*

Excessive grades

Luck of crossiali

Busldup of debris on shouldery preventing didinage of surface waler

Pavements with high fine contents and sniall aggregate sizes and insufficient binding

are mole susceptible w scouring,

Corrective procedures - (Cutting, grading and compacting the affected material
ensuring the crossfull and superclevation is reconstrucied 5 the best option (@
overcome scour. Cleaning oul wateriable drains and shoulders will ensure thal water is

directed away from the roadway.

Preventative procedures - Atiention 1o crosstfall dotal, and cleaning watertable drains
and shoulders will prevent scouring. The use of a high quality mechanical interlocking
aggregule, und stabilisation of the pavemend can also be cmployed,

14.6.1.5 Soft surfaces

Description - Movement of ntaterjal within the pavement causes localised soft spots
{figuee 133). Generally these are found in the wheel paths, but they can also ogour

elsewhere across the pavement surface.

Carse - Materinl containing a high proportion of fines and which has not been well
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compacted will move under loading, This mevement can cause soift spots o occur.

Another possibie cause is the entry of waler into the pavement, either from the surface

ar seeping up through the hase from the subgrade via capiliary action.

Figure 133 - Pavemant showing soft spots

Corrective procedures - Extracting and replacing the affected material with correctly
graded or stabilised ruuerial will help overcome the tormation of soft spows. Good

compaction of this maerizl will help 1o ensure that the problem will not recur,

Prevenrative procedures - Correct compaction al oplimam moeisture content (OMC)
wf well-graded aggregate materad will veduce the nsk of soft spor fermation,
Maintaming good supecclevation and crossiall will ensure adequate dranage.  Good
witertable drainage wall prevent water from ponding, and reduce the chance of water
entering the pavenent from the surrounding environment. I osome coses, subsoil

drainage may be reguired.

14.6.2 Foundation Defects

Foundation defects are caused mainly by the intoduction of water into the pavement
and subgrade, cither by inadeguate surface drainage or by scepage from the
sueronnding environment. They are generally expensive o Hx, bal need o be

rectifled. otherwise ongoing problems will oceur,
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14.0.2.1 Rutting

Description - Longiwdinal deformations in the wheelpaths caused by the passage of
rraffic. The repeated passage of waffic compacts the muterial directly under the wheet
creating ruting. Rutiing in dry conditions occur in non-cohesive materials such as

sands or gravels which have 4 low fines content.  In wet conditions rutting usuatly

occurs inomatertals which are sensitive (o water or have a high water content.

Canse - Rutting is due to (ailiere of the suhgrade, basecourse or surface muateriol,
Excessive guaniities of wuter entering the pavement or subgrade, along with any

number of the following contribute Lo rulting tormation:

¢ Pouor grading of pavement matenial (Exeessive fines)
= Poor compaction of povement material

# Inadequaie pavement depth

Correcrive procedures - Maintaining or rehabilitating the crossfal and surface erust
provide good drainage will reduce surface rutting.  As with corrugations and potheles,
ruts can e removed by culting the surtace to just below the rt, and reshaping and
compacting the pavement.  For subgrade failure, additionsl matenial s required to

inerense the puvement depth and therefore disteibute the applied load,
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Preventive procedures - To reduce the risk of rutling correet matenal gradation is
required. Addition of fines or larger matenial to obtain the correct grading will help 1o
prevent rutting. Maintaining crossfall and optimum compaction of pavement material
will also reduce the risk of miting.  Ensuning thal adequate pavement depth (s

maintained will better distribute ihe load onto the weak subgrads.

14.6.2.2 Subgrade Failore

Description - Subgrade failure is osually identified by large, soft or depresscd areas
within the roadway, They primarily cccur in the wheel paths, but can be found aeross

the entire road pavernent.

Cause - Subgrade failures are caused by the subgrade matecial settling and heaving
while under loading. Soil, unstable, and poorly graded material all have the potential

o generate subgrade failore, especially i water enters the material,

Corrective procedures - The only solution to subgrade failure is to remove all of the
affected material extracting all soft and poor quality material. The depth of cxtraction
shauld continue until a Mrm solid base is found. Backfilling will be required with goad
gquality aggregale compacted to form a stable base, and with sub-surface drains muy

also be needed.

Preventative procedures - The addition of aggregate maierial is o preventative
measure, since this increases the povement depth and thus the distribulion of the
applied ouds onto the subgrude. Shaping the subgrade material will encourage water
run off before and during consiruction, and in the cvent of any water entering the
pavement. In sitvations where a stable base cannot be achieved, stabilisation with lime,
comenrt or other chemical product may be required.  For arterial roads which would
benefit from high tnitial construction costs, low maintenance cosls, and low disruplion
1o traffic, the use of geotextiles or corduroy should be investigated, These procedures
stop the miising of pavement and subgprade materials which can caose f{oundation
defects, and they ulso help to spread the applied load evenly over the soft subgrade, In

situations where the road 13 low lying, and where water cntering the pavement is
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considered to be a potential problem, sub-surface drains in the subgrade and pavement

will help o drain the affecred area, reducing the risk of subgrade fadlure.

14.7 PAVEMENT MAINTENANCE REQUIREMENTS

Maintenance praclices nermally consist:

+ Reshaping the pavement cross-section

» Light grading to remove corrugations, yuis and pot holes
¢ Re-pravelling the pavement, if required

» Moving displaced running course back onto the roadway

« Restoring road signs

14.7.1 Re-shaping

One of the most critical aspects of unsealed roads s correet crossfali and
superelevation. Ensuring that this is mamtained will provide effective runoff of water
from the pavement. The importance of maintaining effective crossfall cannot be over

emphasised. The best procedure to re-shape the crosstall involves:

1. Scarifying the surface

l_;n}

Adding material - cither imported, or extracted (rom the edees of the
road

3. Mixing and shaping the surface to form a crown (sce chapter 6 for
crossiall design paramelers}

4. Finally, compacting at the eptimum muolsture conteat,

The loss of shape of a roadway can be attributed to improper grading practices, loss of
mawerial, scttiement, poor construction, or inadequate dramnage. The only way o
effeclively re-shape the road carriageway is o heavily grade the surface, re-shape and

thew compact,
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Figure 1353 - Grader re-shaping road pavement

14.7.2 Camber {Crossfall

The grading frequency will depend on the traffic volume, axle weights, matenals
involved and the skiil of the operator. Grading should begin al the edge of the road,
and work towards the centre.  The cutting depth will depend on the re-shaping
procedure required. The windrowed materiul i3 positioned at fhe centre of the road,
and then spread evenly back across the cut swrface on the final pass{es)  This
procedure is then repeated for the other side of the road carriageway. It is wnportant
that the prader doeg not make o hinal pass down the centre of the road with the hlade

horizontal, since Lhis will remove the crown,

14.7.3 Superelevation

Maintaining superelevation on the curves provides ¢ifective drainage of water from the
carriageway a5 well as providing casicr cornering for vehicles. The main wmportant
feature of superelevation between the tangent and Lhe straights must be preserved. A
sudden change from superelevation back to a normal camber can spell disaster for a
loaded vehicle, und can cause damage not only 1o a vehicle, if il were o rell over, but
ilso damage the pavement. Cace must be laken not (o create superelevation by

dropping the nside edge of the youd.
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14.7.4 Gravel Replacement

The road surface is worn away by traffic at varying rates. Tius is influenced by a

number of factors including:

*+ Weather

» Weight, speed and frequency of traffic
» Gradients

¢ Tightness of curves

» Depth of the running surface

s Type of pavement material used

All matnenance plans should include provision o provide sufficient replacement of
the loss of this runoing course material. As a rough guide, this running course shoutd
not be allowed to become less than 23 mm thick. The running surface gives the traffic
a smooth surface to travel over and stops traffic wearing the proteciive basecourse,

which provides drainage, and load distribution.

In wct conditions heavy wraffic cun uccclerate \he wearing process causing rapid
deterioration.  In dry conditions agpregate is lost through ravelling and  duse

Replacement of this lost material is a necessary part of any maintenance stralegy.

IT material removed from the running course is not replaced then bascecourse matertal
will also be eventually fost, This will reduce the depth of the pavemenl. ruts will
appear due to the lack ol foad distibution and the subgrade will fail ender loading,
Reptacing gravel before subgrade failue ocows is an inteeral key to long fasting

pavement performance.

14.7.5 Dust Conirel

The conlrol of dust from a road carringoway 15 not oaly a safety issue, but it 15 also an
economic and cnvirenmentat 1ssue. Duost is caused by the loss of very fine particles
from the road surface duc to the loosening of the pavement materials, and the

disturbance of the running course by passing walfic. This loss of material increases the
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permeability of the surtace, which accelerates the pavement deterioration. The removal
of fines also exposes coarser matctial which increases vehicle operating costs and
makes driving over the affcewed arce less comfotable.  This lost material must be

replaced.

Short term or seasonal dust suppressants can be used in sitvations where there is
moderate to low traffic flows. For 2 more permanen solution, however, the road
should be sealed. Using such measures to reduce or eliminate dust levels brings a

number of benefils, including:

» Reduction of accidents

« Less degradation of produce being transported

= Nore aeceptable level of sccial and environmental impact
« Fedustion o mainbenancs costs

o Power surface roughness, decreasing vehicle operating costs
14,7.5.1 Types of Dust Suppressants
o Chiorides (saliv) such ax caletum, sodivm, and INagNEsTum
Eeduce the repulsive forces acting within seil patticles, and also absorb water from the

surrounding atmoesphere o help keep the road surface moist.

Note: Sodivmn chlorvide requires a humicity of ar feast 70%, and coleium

and megnesiven chlorides reguire o kumidivy of 30-40%

¢ Lignin Sulphonates (Adhesiver)

Provide a seal over the pavement surface, and act 1o disperse clay parncles

o Perroleum Bayed (Diesel, (i)

Eind together fine soil purticles 1w prevent them from becoming airborae

v Surfactants | Wenting agents such s detergent and soap)
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Moisten the surface material, and help to bind particles vogether. Surfaciants are only a

short-term measure, and w more severe conditions they may require daily application,

A major disudvantage to the use of most of the ahove suppressams is the risk of
leaching during rainfall.  Alse, the pavement surface can become slippery in wel
weather.  Coarect application (following the manufactirers’ specifications) and

mastenence techniques will lessen these risks.

Most dust suppressants stabilise the surlace layer of the road carriagewsy.  The

important properites of dust suppressants are:

* Preventing dust particies from becoming airborne

= Matenial resistanes to traffic wear

» Easy and cheap application

v Application with common road construction oF  maintenance
cquipment

¢ Chemical retention within the pavement

14.7.3.2 Procedure for applying dust suppressants

Linstable soft areas within the pavement should be removed and replaced with well
compacted aggregale,  The pavement must be dry {unless application of the dust
suppressant reduires moistuze), and a well-maintained watertable and camber nmust be
developed an the roud carmagewsy.  Applicalion of the dust suppressanl can then

proceed following the manufaciurers insiructions,
The use of a dust suppressant 18 primarily intended for low volume roads which have 2

properly designed and maintained subgrade. This will ensure thal the dust suppressant

will perfarm as intended.
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148 DRAINAGE MAINTENANCE REQUIREMENTS

Providing an effective camber and superelevation which will encourage water drainage

off the carriugeway, must be complementad with an effective drainage sysiem.

Drainage systems (which includes the voad camber, shoulder slope, watertable draing,
cuiverts, bridges und any other water contrel structures) need proper mainlenance (o
preventmajor damnge to the pavement. Ponding water in hollows within the pavement
and shoulders, combinged with traftic aciion and wheel loading, can lead w potholes

and subsequent wetkening of 1he pavement structure (figure 136).

Figure 136 - Poorly drained pavenent

14.8.1 Camber {Crossfall)

To promote good druinage of sarface water, o good camber s required.  Shoulders
should slise have sufficient slepe Lo encourage quick waler flow into watertable drains.
However, care must be taken 10 ensure ihat the camber and shoulder slopes are not 100
steep olherwise problems can oceur, including traction problems for trucks, and

scouring due to the higher velocitics of shedding water.
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Grading o restore camber and control pothieles and ruts is the most common form of
maintenance for unscaled voads, Tt ensures o comfvetable viding surface, and allows for
effective dramage. This work is best carried ot after rain, while the pavement is still

wel, to help bind and compict the material.

11.8.2 Culveris

Maintaining culverts will ensuve that adeqoate drainage is maintained.  Culvert

mauintenanee practices include:

v Keeping culvents cleun and free ol debris

+ FRcepairing any damaged or broken culvert entrances

+ EReplacing any broken culverts

 Any necessaey clearmg and repairs w flumes, headwalls and

spiilways

As with other water control struclures, this maintenance work should be completed
with care in order to prevent or minimise the downstrean effects due to sedimentation
and debris flow, Debris should be removed from culverts by hand rather than by using

heavy gguipment, which can casily damage the culvert end.

Addditional cross culverts may be reguircd (o be placed after construction. Areas where

this 15 fikely to oceur include:

» Where there is pormanent water seepage from the batter slope.

e« Where the watertable changes from rock, wr seme other erosion
vesistanl matenal, 1o a saff clay or easily crodible matenal.

o Where u curve in one dircction is directly Tellowed by one in the
other direction - the change in curvatuee produces a short flal aren
without camber or superelevation which cian cause water 1o leave the

walertable and run across the road carriageway.
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14.5.2.1 Scouring

Due o the canstricting naturg of a culvert, forcing water o flow through a reduced
gpening, scouring can occuy around the inlet and outicts (figure 137). This s a result
of the flow velaeilies mereasing arcund the pipe edges as water 15 foreed oo a small
opening.  Wing walls, aprons, cul-off walls, and embankment paving can prevent

scouring of the stream bed and embankments.

Majntenance of these structurcs will ensure that scouring i3 eliminated or controtled tor
the lite of the culvert, The maln cawse af seour protection falure 15 dinnage cavsed by
debris.  Periodic checks to ensure that no debns buildup occurs will improve the
citivnces ol long lasting scour protection life.  Alernatively, debris comrol structures
upstrean ol the culvert can prevent debris from even entering the culvert area.

Periodic imspection of these struciures is also necessary.

Figure 137 - Poorly protecied culverr

14.8.2.2 Corrosion
In concrete culverts, signs of crucking and rust from protruding reinforcing steel should

be repaired immediately.  With galvanised sweel culverts, rust formation {especially

along joins) should be repared o prevent furiher corrgsion.
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14.5.3 Bridges

Structurnl members such as abutments, piers, nes, stringers, needle beams, curbs, raals,
delinextors etc should be inspected on a regular basis {i.e. every six to twelve months)
depending on the level of use. Any repairs or replacement swructures should be carried

out whete damaged ar decayed members are located.

Abutments should be well maintained (o ensure that scouring from water fiow does not
occur, Rutting and stripping of pavement mmderial by traffic shopld be mininiised or an

alternative is Lo statulise or seal the bridge approuches 1o climinate material removal,

Sometines a stream channed cuts next 10 andfor enderneath an abutment. It may then
be necessary o obtmin a bulldozer or excavator to straighten the stream channel, A
resource consent 15 usually required for this type of operation (Refer to the Resource
Conscnts section of this manval). I there 15 a substantial drop in the stream bed level-
talling below the foundation level of the abuuments - then a wer built just downslrean
of the bridge will stop continued erosion. The level of this weir should be at [east 450
mm above the foundation fevel of the abutments. Downstream protection below the
weilr witl be require to stop erosion wnd undermining of the weir.  This can be

completed using a concrefe or rock apron.

Piers should be cleared of any debris buildup, to eliminate the risk of blockages and
possible resulling damage to the bridge or surrounding cmbankments. Bridge decks
should alse be cleaned of gravel and debris. Painting of steebwork will ensure that

corrasion is minmised.

14.8.4 Vords

Fords ave generally [ow-maintenance structures, however some maintenance practices

are required, including:

+ Monitoring of carchinent areas to identify and remove debris from

upstroam water cthannels
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s Removal of debns from the ford itself

o Grading of the running surface, with replacement of material, whes
necessary

« Maintenance of the approaching road grades to eliminate water

drainage along the road carriageway

Maintenance of fords muost he completed with extreme cure in arder o nilnimise the

anmount of sediment and other debris travelling downsticam,

14.8.5 Waler Table Drgins

These cin be cleared using of an excavator or grader, or by manual labour.  The

method ol removing obstructions will depend on the following factors:

v The size of the obstruction
+ The lype of watertable drain design (see chapter 11)

e The depth of the drain

Where ditches or drains have a significant sccumulation of silt then the erading source
nwst be dentified, and measures taken 1o stop or Hmil any further erosion. Methods

available for controliing erosion include:

» Baffles

» Check dams {see chapter 11}
+« Paving

* Yegetation plantings

« Silt fences
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Figure 138 - Warer table showing signs of scouring

When excavating obstructions from the watertable drain, care must be taken not to cut
material from the drain. Banks and beds which are distorbed during maintenance can
begin eroding, causing ongoing problems.  Also, cutting may produce flae sections or
hollows where water con pond, or they may produce steep sections which increases the
visk of erosion from fast flowing waer.  The osc of excavators will prevent tine

material being spread on the voadway, a4 problem when a grader is wsed.

14.8.6 Sediment Ponds/Fraps

These should be cleaned out ws required, measunng the guantity of material remeoved
for monitoring processes. (To give an indication of the guantity of material being fost,
wver a peried of time from the road above}). This work can vsually be complewed by an

excavalor ar backhoe.

14.8.7 Raised Berms

Ruised berms are usually consvucted on the downbill side of & road curriageway
{(Cliapter 11} They vontrel water flow along the roud by directing o into diversion

chunnels ar the desired point.
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Berms act in a similar manner to a dam, and must therefore be watertight.  Regular
inspection of the berms should he conducted o identify any areas which may have been
damaged by vehicles. Any debris on the inside Mace of these berms, and any blockages

at the diversions points should be removed, (0 ensure free water Tlow.

14.58.8 Ilumes

Flumes shouwld be kept clear of debris w allow the water w0 flow freely, Mainmenance
practices should replace any broken or worn sections of  flume as required, The tlume
should be kept as watertight as possible to prevent batter slope erosion.  Any
supporting trestles should also be inspected, and aay roiten or dumaged sections

replaced.

14.8.9 Natural Watercourses

Some watcrcourses muy be dry for significant peeiods, huwever, lhey must still be
maintained stnce they will carry water during wet weather. Watercourses must be kept
free from scouring and erosion, and from debris and any other obstacles which could
damage the bed or banks. Common maintenance work required for watercourses

includes:

» Yegetation Control - Vegelation growing in or around the banks ef 4 watercourse
can wap debris as il flows downsteam and block the flow. Trimming this
vepelation is preferable to removing it altogether since it may be helping w stabilise
the banks and bed.

e DPebris Removul - Rocks, vegetation and other debris which hus emtered the
watercourse either during a flood event or through normal flow need o be removed.
IUthis is not removed it has the potential to bleck the course causing flooding.

s Scourng Repair - Many methods of eliminating o controlling scour are available -

rock butlresses, aprens, gabions, or blankets,
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149 ROADSIDE MAINTENANCE
14.9.1 Roadside Vepetation

Contrelling and maimaming roadside vegetation may not be ay crical for forestry
roads as 9t 15 for public mighways.  Heowever, some vegetation mainteminge can

improve driver salety and reduce mainienance throualn

« Improving sight distances avound comers and approaching bridges
and intersections
o Creating it wider road for passing traffic
« Overgrown vegetaion will lend to shade the road especially during
winter which :
e [ncreases the risk ol ice formation
= Prevents the rowd surface from drying out increasimg the visk

of  pavement damage.

Figiure 139 - Cleared roadside vegetation
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Vegetation on batter slopes should be maintained to encourage continued growth which
can provide continued protection from scouring. Control of vegelation in watcrtable
drains will stop blockages fromm occurring, thus aveiding damming and eventual
washouwts. Watertable drains can be mowed or sprayed (with a nen-toxic chemical) to
ensure that vegetation does not hinder water flow or cavse problems with other
puinlenance fasks - too oflen culverts and watertable drains are damaged because
nmachinery opermors cannot see the culvert ends thicugh brush and other vegeraton
growing in the drain. However, care should be taken not (o eliminate st vepctation

from the drain, or seouring could resull.

Most roudside vegelation maintenance aceds to be completed during the srowing
menths of spring and summer. Typically, equipment can efficiently cut material which
15 below 100 mm in diameter, so maintenance should be completed before vegetation

reaches this stage.

14.2.2 Shoulder Maintenance

Shoulder maintenance will helpto .

= Improve vehicle safety by giving an area for o disubled vehicle 1o
park, aflowing room for passing vehicles and provides a salety strip
lo avoid asccidenty,

s Help maintain truck manauvverablity al corpers (To sccommodate
trailer off-tracking)

+ Provide a pavemanl dranmg, ared

Reduces the risk of pavement edge defects

Common delects that oceur in shoulders include potholes, corrugations and rutting, all
of which are aggravated by incorrect crossfall allowing water to pond on the surface.
Typically, shoulder slope should not exceed 5% (1 in 20}, Traffic movement over the

affected surface during or just after rainfall aggravates such defects.

Chher shoulder defects inelucle:;
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+ Naurs) compaction - Natural settlement usoally occurs in pavenients and shoulders.
However, shoulders can settle more due 0 incormect compaction at the time of
construction. Often shoulders are not constructed to the sume standard as the rest of
the pavemnent, therefore increased natural settlement vecurs.

= Shoulder material build up - Grass shoulders can trap #ir and water borne particles
which causes an excess build up of material. Thus build up creates poor drainage
and waker ponding occurs. Water can also be diverled laterally aleng the road way

rather than accoss the shoulder inio the walertable drain ({igure [40).

Seouring of roadside edgae

/

Veperation gromadh

_ \ r, k {::E Yol
Woinertable doain i : W .

Shoudder build up \

Ciginal shoulder level

£

Figure 140 - Shoulder baild up

In these siwations it may be necessary 10 remove the buldup, and re-shape the
shoulder.  Shoolder muntenance cun be completed by grading und replacing lost
material. This should be completed after a soaking rain and include compaction. 1€
rain has not fallen recently then applying water will help the compaction process.
However, careful matevial selection andfor stabilisation of shoulder material can be an

option in severs condilions.
insdequate shonlder mainienance can accelerate pavement delerioration and subsequent

fuilure.  Mantenance of shonlders should be completed at the ume of pavesicnt

gl nanee,
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1410 MACHINERY SELECTION

Choosing the correct machinery for nuintenance practices will improve the averall
efficiency and production. Using expenenced and trained personnel will ensure a good
guality job that will reduce the quantity of future maintenance. However, in some
siteations mainienance practices have to be completed with what machinery s
available due w0 economic consuaints.  Therefore, matching the machimery that s
available s best as possible, snd eorectly oming mamlcnance will enspre good

maintenance practices are achieved.
Routine maintenance practices rypically require the (ollowing machinery:
e Light grader - Used o reshape the road. Grade oul any corrugations, ruts, potholes

ete, and produce a quality munning surface,  They can alse he used, if situations

allewy it {see chapter 11) to clear out watertable drains.

Figure 141 - Light grader

« Rubber tyred roller - These can be either twwed or self-propelicd. They wre used
1 {inish ol the surface of a pavement which contains a well-graded material.

» Smoolh druen steel roller - Either o staic or vibrating roller shoutd be used in
situations where there is a high proportion of large material and a sntall propoction

of fines,



Figiere 142 - Smooth dram roller

« Water carts - Used o apply water 1o the pavenent so that compaction can be
uchieved at optimnum moistere conleat. They can also be wsed Lo gpply dust contrel
aid stibtlisation sgents,

» Gravel trucks - Used o deliver material for replacing soft spots, and 10 spread over
the road replacing any lost running surface material. Bottom dumpers are often used

hecause of thetr increased accaracy and higher production rate.

(o T 1

e i T

Figrire 143 ~ Gravel truck
= Excavator or backhoe - Used to excaviale any sofl spols withan the pavement, and

ahso to clewr oo cubvert milets, putlets and watertable drains. Cleaning out sedimenl

trapy can also be completed with an excavator
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Figure 144 - Excavaror

Other Machinery Used For Maintenance Practices:

» Drawn Grader - This is a basic grader blade drawn by a light tractor or wility.
Usually this type of grader s used for hght grading work such as grading shoulders.

+ Construction Grader - These praders wre selfl prapelled and come b a variety off
weighis, engine sizes, blade widths, method of blade contral, and arrangement and
size of driving wheels. These can be used for heasvy consiruction and mainenance
practices. They do not require tansporation to a site and can be used lor light
maintenatee as well a5 heavy reconstruction or rehabilitation work, if the hie cae
can be jostitied.

* Tront End Loaders - For maimenance work the wheeled {ront end loader 15 ideal
since it does wol require transportation (o o site. Used for small excavation jobs
where Lthe macetial 1s cither oaded onto wicks or transparted @ show distance by the

loader.

14.11 KCONOMIC EVALUATION OF ROAD MAINTENANCE PROJECTES

An economic cvaluation of any roading project may be undeiaken for 4 aumber of

FEOR0NET

1. Toevaluale alternative projects und scheduling of miintenance practices
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2. To determine which maintenance strategy gives the optimum use of resources

3. To evaluate road vser and authority costs

Figures 145 and 146 show the relanonship between the user's costs and thie
serviceability level for twn mainienance sirategics. Figure 143 shows an on-demand
mainienance strategy with major resuifacing required when the serviceability leved falls
below the erminal level, The second strutepy (figure 146) shows preventative
mainteniance being conducted, effectively increasing the length of time befoie major
reconstruction is required, however, more costs are incurred by the road user because

of constant muintenunce requirements.
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14.11.1 Economic Evaluation Terminology

Life Cycle Costing

Life eyele costing is used (o evaluate alternative projects by summing all expenditures
{and mmcome) vcowring over the lifetime or analysis period of the venture, adjustiad io
commen base time or value, The ¢lements of the fife cycle costing include both the

agency and USer costs (or income).
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Time Value of Money (Iotrinsic value}

Discounting includes the cffects of interest and inflaton, and compensaies for the lact
ihat the community place a higher value on costs (or benefits) which arise in the near
Future than on those which arise at a later date.

BPesign Period {Anulysis)

The analysis destgn period s the entive life of the pavement vver which an economic

avalysis is caleulated, during which major reconstruction may be completed.

Design Period (Structural)

The structural design peried is the time dunng which the pavement will perform 10 a

certain standard ar serviceability without major reconstruction.

14.£1.2 Elements Of Pavement Cost Analysis

14.11.2.1 Roading Owner Elements

Initial Capital Cost

The initial capital cost includes the cost of in-place materials i a pavemenl struetire.

equipment and labour necessary to prepare, place, and finish the pavement structure.
Rehahilitatien Costs
Rehabilitation costs inelude future overlays or upgrading made necessary when the

pavermnent distress, skid resistnee, structural capacity, or riding quality reach the limits

of acceptabilily.
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Rehabilitation costs are dependent on aceurate predictions of the time it takes a
pavement siruciure o reach termuinal serviceability after an imitial construction or
overlay.

Mainienance Costs

A comprehensive anatysis should include an estimation of all costs that arc essential to

mamtain the pavement at a deswable level of service,

Salvage Value (Residuzl)

The salvage return of a strategy is the value of o pavement at the end of its analysis
period.  Computation of this cost allews for compansen of designs with ditferent
serviceability’s at the end of the analysis period.

14.11.2.2 Users Elements:

Traffic Delay Costs

Overlay and meinlenunce operations disrupt watfic flow and canse vehicle speed
fluctuations, stops und starts, and time losses. Fhe user cost incurred related to these
disruptions is often o significant portion of the otal cost and should be included in the
£CONomic analysis.

User Operational Costs

Each paverment design involves costs to the usey that nwst be included i o rational
ecanomic analysis, User costs are relaled (o the serviceability and deterioration history
ol the pavement.

Vehicle operating costs:

+ [uel consumption
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¢ Tyre wear

v Vehicle depreciation
s Vehicle maintenance
» (il consumption

s [Parts replacement

Travel Time Caosts:

« Based on the exrra wavel thoe o user incurs 45 a resell of 4 road o

pogr condition

Averdent Costs:

s Due to accidents caused becanse a road was not buill or improved

Discemfort Custy:

o User annoyance and discomforl due to poor pavement serviceability

OF QECITICETILY

Rnouding owner and user efements of o pavement cost analysis are inler-related,  An
increase in the roading owner costs has an opposite effect for the users costs, and vis-
versa (Fieure 1471 A balance between the two muost be obtiined. This can be achieved
by projecung all curreny and future costs and benehis attached to the projecty,

discounted to o commeon buseline (e, time zero).
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Cost versus Roading Standard
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Figure [47 - Road owner versns rooel nsery costs
14.11.3 Methods Of Project Evaluation

When evaloating which mainterance strategy should be used for a particalar road eluss,
an economic evaluation should be completed.  Initial consiruction costs require no
adjustment since these ars costs at time zero. However, maintenance costs in the futuee
need o be adjusted to caleulite their present warth or present value (PV), .. they need
to be discounted back 1o time zero 10 take inta account the changing value of money

with time due to interest rates and inflation.
FPresent Waorth
Thns method of economic analysis can consider either costs alone, benefits alone, or

eosts and benefiy together, It mveolves the discounting of all future sums o the

present, using an appropriate discount rate.
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Single Payment Present Worth Factor (SPPWT)

If i the future o single cost or benefit arises then the following formula showld be used

lo calculate the PV,

. S
SPPWEF = {1+1° = 1.} 0"%  Tlora i0% discount rate.

Where:

n= Nurber of years between time zero and the cost or beacfit arising

1 = Discount rate
Then:
PV {01 costs or herefits) = SPPWF x Cost or Benefit at time »
Example:
A scetion of unsealed road network will require 4 major uperade ot age & years. The
cost of this work 15 $35.000. The PV of the upgrade, assuming a discount rate of 109,

will be:

Py

I

535000 x SPPWTF

|
$35000x (1.10)°

535,000 x 0.424]

5 14,843

i



Uniform Series Present Worth Facior (USPWT)

[f the maintenance practices are spread over a period of years (e.2. as routine grading
and re-shaping) then uniferm series present worth faciors should be applied to caleulate
their PV, Note that the assumption is made that the annual costs {or benefits) arc

cvenly spread over each year, and are continuously compounded.

The formela for USPWE is:

uspwp @ = S U+
log, 8 + 1)
Then:
PV of ¢usts [or henefits) = Annual costs for henefits) < (USPWFE, - USPWTE.)
Where:

= Start time

e= LEndtitne

Example:

If a project has o series of costs of $7,000 per year, evenly distributed over o period of

11 years, and with a discount rate ol 10%, the PV is as follows:

PV

3 7.000 x (USPWE, - USPWE,)

7000 ((1-(0+D0Mlog, (140 - (-1 + 0™ log, {I| +i}

ST000 (-1 +00Y" " loge (1+0.4) - (L-(1+0.00% 7 loge (1 +0.11

§7.000 x 6.5

5 47.702.59



Arithmetic Growth Present Worlh Factor (AGPWE)

Aomore realistic situation would exist if the costs (or benefits) increase or decrcase
each wear duc to maintenance requiecments determuned by traffic leadings and
unforseen weather conditions.  Arithmetic growth present wonh factor (AGPWE)
together wilh 1the corresponding USPWE facwors shuall be applisd o calculate their
PV's, Asswmpiion: That the annwval ¢osts or benefils occur continuously throughout
the year, and are continuously compounded. The tormula {or determining these

AGPWE tactors is:

AGPWE = [log, ( 1+ 7 -n(l + ™ [log 1+ (1 + 07 [log, (1 + i)]*

1Y of costs ar benefits = Annual Cost {or benefits) x {(USPWFe - USPWEs)
+ R x [AGPWFe - AGPWTs))

Whore:
R= The anthmetic growth rate at ime zero
= The start time
¢= Theend tinme

Example

Tiw ancual maintenance costs acre $ 25,000 with a growth rate of 3% per year that 15 (o
continue for 27 years al o 0% inerest rte. Also, the construction starls and finishes

twa years from time zere, The nwintenance costs PY is:

FY

$ 25,000 x [(USPWE, - USPWE.} + 0.30 x {AGPWF, - AGPWF,)]

$ 25000 x (9.692 - 1.821) +0.03 = (80.072 - 1.760)

525000 x 10.22

¥ 25,5500



14.11.4 Pavement Kchabilitation {Reconstruciion)

A pavemncol naturelly deteriorates over o period of time due o traffic loadings, weather
conditions, pavement material  detericration  cte. Preventative, or on-tdemand
maintenance practices can be utilised to extend the life of the pavement and therefore
slow the rate of deterioration by pericdically lifting the service. However the pavement
will conlinue 1o deteriorate and one of the following factors will determine thae the

pavement requires rehabilitation:

+  Serviceability talls below the minimum acceptuble {evel
s Structoral capacity 15 inudeguate

s Distress i 100 high

= Safety is inadequate {Skid resistance)

« High maintenance costy

s [Isers costs are 100 high

Rehabilitation of a pavement usually means construction work Lo stabilise, reshape, and
rejuvenate the pavement o increase the wser safety, and decrease the user cost and
maintenance costs.  This period of time s usually taken a5 the end of a pavements

useful life and a new economic analysis is completed for the next design period.

1o
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CHAPTER 15 - GLOSSARY OF TERMS
AADT Averuge Annual Daily Traffic flow. The total yearly traffic volume divided by 363.
(Both divections, all lanes)
AASHO Awerican Assoctation of State Highway Officials.
ABNEY LEVEL A hand-held level which measures angles ol depression and elevation,

ABRASION The removal of materis] trom the surface of 2 solid by a grinding
or rubbing aciton.

ABSORPTION The entry of fluid e a solid by virtue of the porosity of the lanter, Often in
conjunction with capillary action.

ABUTMEN An end support of & bridee ar similar structure,

ADRESION

{a) The molecular atiraction belween bodies i imiimate contact.

{h The property by means of which a fluid or plastic sebstance sticks to the surface of a
solid body.

ADMIXTURE A material that is added to the principai substance of a mixture,

ADVERSE GRADE An uphill grade for # laden vehicle.

AERIAL PHOTOGRAPH A phowgraph of pact of the earth's surface. Often used as paics
to give a stereoscopic view, This stereo effect exaggerates vertical scale.

AGGREGATE A general term for minerad particles which through the agency of a suitable
binder can be formed inte a solid mass.

ALIGNMENT The geometric form of the centre line of the carriagevway.

ALLUYIAL S0IL. A soil formed from matenials which have been transported
and deposited by tlowing water.,

ANGLE OF REPOSE The angle from the hrorizontal which the sloping face of a
bank of loose material assumes.

APRON A fayer of conerete, stone, timber or other permanent mateniul placed at the enlrance
or autlet of a structure {such a3 & culvert) to prevent scour by the witer.

ARC Scgment or portion of the circumterence of a cicle.

ARTERIAL ROAI Main feeder road out of the forest. High standard, permanent, (wo lane
rosd.
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ASSUMED DATUM Refler datem line.

BACKFILL Earlh or other material wsed to replace maerial removed during construction,
such as in subdrain trenches of behind culvert and bridge abutments,

BACKSLOPE The portion of the earth grade or roadway in cut sections which is beyond the
side ditches, and rejoins the original ground,

BANK

{u) An embunkment or il

{l) & fitl in the line of a road.

{c) The cut lace near the edge of 8 road.

BARRIER A temiporary obstruction placed 1o preveor divect access to a parlicular arca.
BASE COURSE On sealed roads it 1s the primary load spreading aggregmie course in the

pavement other than the sub-base. On unsculed roads it is 1the principal aggregate course {or
layer) immediately beneath Lhe running course.

BATCH (N} The quaniity of materials mixed at the same time,

BATTER{N}
{1} The uniferm side slope of walls, banks, cutting, ete.
{lr} The degres of such slope, usually cxpressed as: horizontal 10 une vertical.

BATTER (V) To form a unitorm side sfope to a wall, bank or cutting.

BATTER BOARD A bourd inclined ot the same angle as a proposed bulter cut, 10 assist
QPETILONS in mntsinng an even batter cul.

BATTER PEGS A stake or bourd positioned at the proposed head of a cut or toe
of 11ll, indicating the amount of cut or fil required at that point.

BATTER (STEPFED} A batter cut having benches to avoid a long baiter slope.

BEARING (DIRECTION) The direction a ling has ¢r points in relation o the compass
points,

BEDDING A luyer of suitable matenal {often crushed stone} placed on a foundstion to
pravide uniform support for a structure.

BEDROCK The solid rock underlying superticial formations, It may be unweathered or
partially weuthered.

BENCH

(i) A ledge cut or formed in the hater of a cutting or bank to provide greater securiiy
against slip material depositing on the roadway, or o provide visibility on 4 curve.

(b} A ledgze cut or formed below the road formation to contain side cast [l

S



BENKLEMAN BEAM A device used to measurg road pavement deflection under vehicle
wheels,

BERM A formed upstand of compacted fill material. Usually used to direct
warer run-off.

BIND

{a) Tao heold or stick together aggregate 1 a mass.

{b) To fill the interstices between small stones of coarse gravels with finer material w0
provide mechanical and physieal bonding.

BINDER A material of cementatious nature to held an aggicgate finmly comprising
either: :

(a) Fine graded particles and/or,

{b) Liguid or material which changes viscosity by cooling or by chemical reaction.

BITUMINOUS MATERIAL A substance containing bitumen or conglituting the source of
bitumen.

BLIND (¥) To spread a thin layer of suitable material 1o absorb excess binder or (o assist in
remedying a slippery o loose condition, or to fill excess surface voids.

BLOCIK CUT A solid cut on a road formation, e, a cut batter both sides of the road.

BOND (N} The adhesior between different materials in composite
comstruction, ¢.z., reinforced concrete, prestressed concrete.

BOND (V) To place mawrials with thew surfaces in intirnate comtact, e.g., to bed stones n
ML,

BORROW (N} Filling obtained by excavating at some point other than the cotings, required
{or the construction of the road. -

BORROW (V) To obtain filling from seme paint other than the excavation required, for the
work.

RORROW PIT An cxcavation outside the formalion limits for obtaining borrow material,

BOULDER A rounded or sub-angular stone or piece of rock of large size, usually
larger than 1 50mm.

BOUNDARY LINE A line between land of dilferent ownership e.g., between public road
and private land,

BOWI. That part of a motor scraper or scoop that holds the spoil.
BOX CULVERT A drainage stracture of rectangular cross-section.

BOX CUTTING That portion of the road where both sides are in cut.



BRAKING DISTANCE The distance travelled by a vehicle in the period between the initial
application of the brakes and coming to rest plus reaction time.

BREAKING OF EMULSION The separation of the dispersed material {from the water,
BRIDGE (M) A strucwure designed o carry a road or path over an obstacle by spapaing it

BROKEN S5TONE MNawral rock, gravel, or pebbles broken 1w u suitable size {or

s,

BROOMING The use of a broom for:

() Distributing agaregate or binder over the surface of o pavenent, ur

(b Removal of loose material trom o puvement prior (o prinung or sealing ar
fc) Roughening the surface of concrete.

BUILDING LENE A line within a road {rontage property, A building or part of o buillding
may not be crecied between this Hne and the road beundary, It may also be a refercnce ling in

the layeul of 4 construction work.

BULK DENSITY The weight of a unit volume of material, incloding soids.

BULKING
(i) The increase in volume in a material resulling from disturbance, or from changes i iLs
condition.

(b The increase in volume of 4 mass of sund or other fine granular, material due o the
combined eftects of mostiure and disturbance.

BY-PASS An alternative road constructed to enable through traffic to avord some areas or
obstructions. Usually to divert heavy vehicles awasy from particular ureas.

CALCARLOUS LIMESTONE A natural rock of sedimentary origin composed principally
of calcium carbonate.

CALIFORNIA BEARING RATION (CBR) The ratio expressed o5 a percentage botween a
test load and an arbitrarily defined standard load. The test load is thal reguired to cause a
plunger of standard dimensions to penetrate at a specified rale ino & specifically prepared soil
specimen,

CAMBER The degree of cross fall on a read from centre line 1o side.

CAPILLARY ACTION When water 15 induced to nise above the free water table level by
the fine pature of the material,

CAR PARK A pluce sel aside for the parking of vehicles.

CARRIAGEWAY (Roadway) Thit portion of the road devoted particular)y 1o
the use of vehicles, iclusive of shoulders and auxiliary lanes.
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CATCH DRAIN A swface channel constructed aleng the figh side of a road or
etmbankment, cotside the batter line 1o intercept surface water and divert it from the road cot
batter face.

CATCHMENT AREA That arca determined by topographical or equivalent lfeatures upon
any part of which rain failing will contribute to the discharge of the stream at the point under
considerartion.

CAUSEWAY A raised road having water {or swampy ground) on both sides.

C.B.R. Californian Bearing Ratio - a test carried oul to determine the strength of a road
surtace, sub-base or base course.  In simple terms @t gives an cxpected performaace
percentage when compared to a good road aggrepate.

CEMENT (General) The medium that binds agpregate.

CEMENTED MATERIALS These produced by addition of cement, hime or other
hydravlically binding agent to granular materials in sufficient quantitics to produce a4 bound
layer with significant tensile strongth.

CEMENT STABILISATION Chemical stabitisation of soil by the application of small {up
to 5%.) guantities of cement.

CENTRE LINE The basic line, at or near the centre o axis of a road or other work, from
which measureniznis for setking out or constructing the work can conveniently be made.

CHANNELISATION A system ol controlling traffic by the introduction of an island or
islands, or markings on a carriageway to direet tralfic into predetermined paths vsuatly at an
interscenon or JUnRction.

CHAIN Ap imperiai unit of measure equivalent o 22 yards, 66 feet or 2001 1 68m,

- A steel band used to messore distances, Named because in ils original form it was made of

1 00 links in @ 'chain' configuration.

CHANGE POINT Used in levelling. I is not necessarily a fixed point bul indicates a
temporary holding peint for the levels when the leved is moved to a new location.

CHECK DAM Obstruction placed within drain to STEP water down, slowing the water [Tow
velocity (DROPWAILLL, CHECK WALL).

CHIPSEAL A pavement seal coat consisting of stone chips partially imbedded in a
membrane of sprayed bitumen.

CHORD & straight tine joining any 2 points on the circumference of a circle.

CLAY Celloadally fine cosnplex silicates formed by the natural decomposition of rocks.
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CLEARING The reimoval of vegetable or other vbstacles preparatory to the commencement
of earth-works, drainage, etc.

COARSE AGGREGATE A general wrm used to differentiate between various sizes of
aggregate, usually material rerained on o 4.75mm sigve,

COBBLE OR COBBLESTONE

fa) A water-worn rounded stone usually between 75mun ind 300mm,

(hi A class of paving oniginally made from cobblestones but now often vsed to refer 0
concrete block paving,

COHESION The abiliy of a material wo resist by means of imernai forees the
separation of its constibuent partictey.

COMPACT (V) To reduce the volume of a materiul by inducing the closer packing of ity
particles by rolting, tamping, ot other mechuanical means.

COMPACTION The process of reducing Lhe volume of a material by inducinp the closer
packing of its particles by rolling, tamping or uther mechanical pieans.

COMPACTION FACTORS The varying ratios ‘expressing the volume that different
materials-compact to - in relation 1o the loose statc expressed as i,

COMPACTED MEASURE As distinct from loose measure or bank-measure, The measure
when laid and compacted in the road.

COMPASS magnetic direction finder.

CONCRETE An intimate mixture of aggregate and u binding malerial {usvally defined in
relation to the nature of the binding material (ie. Portland cement concrete or asphalt
concrete).

CONTOL POINT Point where road must pass through.

CONSISTENCY A pgencral term o the physical state of a semi-Auid or plastic
malerial associated with its resistance w deformation or to flow.

CONSOLIDATE To reduce in volume naturally,

CONSQOLIDATION The process by which earth or s0il reduces in volume over a period of
time usually involving loss of water.

CONSTRUCTION JOINT A jeint ia concrele constiuction (o separate the mass of the work
inte several portions for convenience of canstruction or 1o help prevent ar control shrinkage

cracking,

CORDUROY Brush, serub, timber or logs over o swamp o low bearing swrface
to spread the losd, Trvan also act as o hilter layer.

A



CORRECTIVE COURSE A layer of variable thickness applied o base or old pavement to
correct the longiudinal andfor cross sectional shape and wnprove the riding qualitics.
{REGULATING COURSE)

CORRECTIVE MAINTENANCE Irregular maintenance to correct defects as they occur,

CORRUGATION A surface deformation into wavelike shapes at approximately equal
distances and transverse 1o \he line of traffic.

COURSE a laver of metal or fill.

COVER {N) The depth of material between the swiace of the ground or carriageway and the
iop of a culvert or pipe.

CREEP
[a) A slow patural mwovement of a material.

(o) A slow plastic deformation of a material under stress.

CROCODILE CRACKING The cracking of a surface {ayer into small trregularly shaped

areas,
CROSSFALL The stope at right-angles (o the main alignment direction.

CROSSING A formal area set aside for other modes of transport to cross the road.
(RAILWAY, PEDESTRIAN, CYCLE)

CROSS DITCHES Used on temporary roads to remove waler from water table drains
(WATER BARS, CUT-OFFS}.

CROSS SECTION The profile of the ground more or less al right angles to a traverse or
roain directional line.

CROWN The highest point an the cross-scetion of a carriageway with two way, crossfall.
CRUSHED GEAVEL A gravel in which all or sorne of the parlicles have been crushed.
CRUSHED ROCK Agpregate made by crushing rock, as distinet from crushed gravel,
CRUSHER DUST Fines beft alter crushing and screening aggregate off,

CRUSHER-RRUN The product of the crushing plant without being screenad or separated into
yarious sizes.

CULVERT One or more adjacent pipes or enclosed chaanels for conveying a watercourse or
streaim below formation level.

CURE (V)

&Y To mature or harden as in the case of concrete.
(b} To provide an environment which will facilitate stiffening or hardening.
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CURTAIN WALL A thin wall wsed as a shield or protection {as distinct trom a
retatning wall).

CURVE DEFLECTION sec deflection angle,
CURVE RADIUS The radius made by a curve in a road.

CUT (N) The depth [tom natural surface of the ground to the subgrade
level, Also used as a lenim to deseribe the volume of earthwork material 1o be moved.

CUT-OFF see cross ditches,

CUT-OFI"' WALL A watertight wall for preventing seepage or movement of wales under or
past o structure.

CUT SLOPE Specificd slope that 15 less than or equal to the maximum stable slope.

CUTTING That portion of the road where the finished road surface is below
natural surface,

CUTTING EDGE Hardened metal plates fitted to the mould-boards {or blades} of
sraders or bulldorers.

DATUM Daturn line - a fixed point of reference from which all measurements
are taken.

DAY LIGHTING Cutting back, oy down, 1 cul batter to improve visibility, as
distinct from a culting required for soil stabilivy,

DEBRIS Rubbish and waste material

DEFLECTION ANGLE The difference in the bearing of the inlet and outlet straights of a
roud curve, (CURVE DEFLECTION).

DEGRADATION The changes in the mineral fragments of a pavement caused by rubbing,
or grinding against cuch of them within the mass. Can also be caused by chenncal ar
wealhering processes.

DESIGN FERIOB A period considered appropriate 1w the function of the road. 1 is used to
determine the towal traffic for which the pavement is designed i.e.: Life of a project {structural
0 eronomice).

DESIGN SPEED A speed fixed for the design and correlation of those geometric features of
a carvlageway that influence vehicle operation.

DESIGN TRAFFIC The cquivatent number of standard axles in unc divection in the design
lune aver the design period (ESAs)



DEVIATION An alteration to the alignment of a postion of a road, usually involving
significant departure frem the existing route.

DISCHARGE The volumetric rate of flow of water, usually measured in cumecs ([HAfSEGS:I.

DISPERSING AGENT A deflocculating roediuem, such as sodium hexametaphosphate, used
in hydrometer analysis.

DITCHLINE Constructton iine for the formaton of waterlables and side drains

DOLOMITIC LIMESTONE A magnesium limestone, composed essentially of the mineraf
dolomite - a double carbonate of calcium and magnesium.

DIAG {N)
{a) A simple towed frame used @ redistibute running course.
{b} Resistance to forward motion of a vehicle.

DRAG (V) To smocih a road or sutrface or spread materials by means of a drag.

DRAIN-(N) A channel lormed at the surface of culvert or pipe or other simlar
construction for drainage.

DRAINAGE Provision for the disposition of water.

DRAINAGE SYSTEM Combination of waler control struciwres that provide for the
disposition of water.

DROPWALL see checkdam

DRY DENSITY The waight of a dry unit volume of 4 substance.

DUMP (N}

{u) A stockpile of material,

(h} A pile of spoil or waste material,

{c} & olace for disposal of spot) or waste material.

DUST SUPPRESSANT Substance used to reduce dust generated from an usealed pavement,

E5.A, Equivalent Standard Axle. A refererce value which causes one unit damage of
pavement wear, used for pavement design life analysis.

EARTH Any naturally occurring loose or soft deposit forming pari of the sarth's
crust and resulting from weathering or breakdown of rock formation.

EARTHWORKS All operations involved in loosening, removing and depositing
or compacting carth, soil, or rock; or the material when so placed.

EMBANKMENT A raised muss of suil or rock used 1o carry a road over low areas.
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EMULSIFIED BITUMEN An emulsion of brtiumen and water containing a small amount of
cimulsifying agent.

EMULSION The suspension in a liguid of ancther liguid in a state of extremely fine
division; the term is comunonly applied te 4 suspension of bitumen it water,

END AREAS Cross sectional end areas vsed in caleulating the volume of
earthworks between two such end areas.

END HAUL CONSTRUCTION see full beach construction.

ENVELOPE TEST A purlicle stze distribution test on engineering soils.
ESTABLISHMENT TRACK Low maintenance access track for light silvicultural vehicles
EXCAVATOR A nearthmeving machine.

FACE The vertical or near-vertical working surface of a quarry, rock excavation, or gravel
pii.

FAVOURABLE GRADE A down hill grade for a louded velnele,

FEATHER EDGING The tapering of metal at the edges of & metal tcunning course,
FIELD BOOK Note book tor recarding survey information.

FILL (N}

(a)  The depth from the finished road sortues to fhe netural depth.

() That portion of & read where the pavement surface is above the natural surtaee,

FILL {¥} To deposit excavated material.

FILELS SLOPE Spccificd slope that 13 less than or equal to the maximum stable slope
(usually 1.2

FILLER Relatvely fine material mixed with an aggregute for the purpoese of reducing the
vouds.

FILLING (N} Excavated material that bas been deposited.

FILTER FABRIC A material which aliows water to pass through but prevents the passage
of fines. A wype of geo-textile.

FILTER MATERIAL OGranular material, the grading of which has becn sclected so that i
will allow water 10 pass through i, while retaining solid matter,

FINE AGGREGATE A general tenm used to differentiaste between various sizes of
aggrogate, usually material passing a 4.73mm sieve.
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FINE CRUSHED RO{CK A graded aggregate prepared by crushing stone for use as a gravel
for pavement construction, normally 1 9.0mm to 26.5mm maximum size.

FLAT CROWN Pavement with no cross-fall preventing cffective drainage,

FLOODGATE

() A gate placed in a chapnei or drain 1o control the passage of flood or tidal water in the
upstream direction yet impose & minimwn effect on water flowing downsteam.

(b) A gate placed in a {ence where it crosses a watercourse orF drain (o permit the passage
of stormwater or tloodwater bul at other imes providing enclosure by the fence.

FLUME An open channel or conduit of metal, conerete or imber, bedded in natural ground
ar suppoeted on westles, 1o carry water run-off from ihe road swface clear of embankment

slopes to discharee in 4 safe place.

FORD A velatively shallow place in a streamn where Lhe bed may be crossed by traffic. The
ford bed can be natural gravel or concrete,

FORM To carry out earthworks (o levels and dimensions required for road construction,

FORMATION The final surfoce of the ground, excluding any side slopes atter completion of
the curthworks.

FORMATION WIDTH The entire width of new formation excluding batters.

FREE WATER Waler that iz free to move (hrough a soil mass ender the influence of
aravity.

FRIABLE A soil that can be readily mptured and crushed with the application of moderats
foree.

FRONT END LOADLR An earthmoving machine.

FRICTION COURSE Open graded sealed surfacing to provide water drainage and high grip
1o vehiele tyres.

FROST HEAVE The movement in a road caused by water (reezing in the road structure.

FULL BENCH CONSTRUCTION Rouad construction technique where all excavated
niaterial is transported and dumped away from the site. Material is not sidecasted.

GABION A rectangular basket constructed of wire mesh packed with stones or boulders used
for protection of river banks, cie.

GAP GRADED MATERIAIL. Graded muaterial in which one or more of the intermediate
s17es ae absent.



GEOMETRIC ROAD DESIGN Horzontsf and verlical alignment of a voad designed for
safety, speed and manoeuvrability,

GRADE The longitudinal profile of the centre of the roadway, or its rate of rise or {all; to
establish a profile by cuts and fills or earthwork.

GRADED
1. The sorting of particles in a soil sample. 1.e., Can be well graded or poorly graded.
2. Perlaining to the surface of an aggrepate roadway,

GRADED MATERIAL Material having a wide and continuons distribution of sizes from
coursc to fine, the large size being scveral timas Jarger Lthan the small size.

GRADER Eoad building machine used to give final shape. Often used for repair and

mainlenance of roud surfaces,

GRADIENT

{a) A length of carriageway sloping longitudinally,

() The rate of longitudinal rise or fall of a cwriageway with respeet w the horizontal
expressed as a raklo or 8% @ percentage.

GRADING (N) The percentage of the various grain sizes present in a soil or other marerial.
Usually graphically tllustrated us a particle size distribution plot.

GRANITE One of the most common igneous rocks. It is a coarse-lextured, ¢rystalline rack
congisting primarily of feldspar, quartz, and white or black mica.

GRATING OR GRATE A grid of metal or other suitable material to preveat debris from
entering a drain or pit, and to provide protection for pedestrians and vehicles,

GRAVEL

(u) A mixwre of mineral particles, which may or may not include fine matenal, occurring
natural deposits, passing 2 75.0mm sieve.

(b} A loosely used term for aggregate.

GRAVEL PAVEMENT A pavement with o gravel surface.

GRID ROLLER A roller constrocted of heavy ceossed mesh.

GRIT Fine sharp aggregate or course sund; {ine screenings substantially free from dust,
usuatly passing a4.75mim sieve.

GRITTY Applicable to fine-grained soils containing a relatively small proportion of coarse
grains buk sufficient 1o give the characteristic feel.

GROSS VEHICLE WEIGHT The loaded weight of a vehicle including its own
welght (lare),

GROUSER The individual metal pieces that form a track of a bulidozer.

i



GROUTING The operation of pouring or foreing liguids sueh as tar, bitumen or cement
mortar into the interstices of & pavemnent surfacing, of a structure or of a natural formation.

GULLY A pit, usually of concreic or brick, forming an entrance at the face of a conerete or
clay product, not pengtrating deeply.

HAUL (N) The distance through which material is transported betweern points
of loading and unloading.

HEAD WALL A retaining wall at the end of a culvert barrel.

HEAYE Upward movement of soil caused by expanston or displacement.  Resulting from
phenomena such a moisture absorption, removal of overburden, pile driving, or fros.

HORIZONTAL CURYE A curve in the plan or horizenial alignment of a cartiageway.
Expressed as a radius mometres,

HEMUS A dark brown material formed by the partial decomposilion of vegetable or animal
matler.

HYDRATED LIME Flaked Calcium Oxide Ca{OHY used as an additive in soil
stabilisation.

HYDROCARBONS A group of substances composed only of carbon and hydrogen, 1e.,
kerosene, petrol, etc.

HYDROMETER A tioat of which the depth of immersion indicates the specific
gravity ol a liguid.

HYDROSEEDING Process by which seed, mixed with muleh, fertiliser and waler, is
spraved onto area 1o be revegerated.

IMPERVIOLUS Impassable or impenetrable. Usually means in rodding work Lthat there is no
way for water o pass through, Applicable to soil or other materials which ave very resisiant
to peneiration by water.

INERT MATERIAL Components of a mixlure which exhibit no binding or cementitious
properties or chemical reaction.

INSPECTION/SURVEYS Visual survey to identify any problems with the road surface
and/or drainage system.

INTERMEDIATE CONTROEL POINT Used wat the initial road survey stage to indicate and
mark a change in direction in the ground profile, Side slope mcasurements are asually aken

at these poines.

INTERMEDIATE COURSE Any course between the base and surface courses.
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INTERNAL FRICTION The resistance (o motion of soil particles over sach other caused by
the roughness of the surlface and the shape and size of the individual particles.

INTERSECTION ‘The place at which two or more roads cross.

INTERSECTION AT GRADE An intersection or junction where carrlageways cross or
mieel af a common level.

JUNCTTION The place ar which two or more rouds meet.

LANDING Forestry processing area uscd by cable haulier based operations o process and
store {ous before tanspartation

LANDSLIDE A nmovement of, shallow or deep, the surface of a hitlside, vesulting from
raturd causes.

LEVEL OF SERVICLE (FO8) Measure of serviceability that a roadd provides for the users,
LOS decreases as pavernent distress incredses.

LIFE CYCLE COSTING A summation of all expenditures and incomes occurring over the
lifetime or anafysis pericd of o venture, adjusted to a common base time or value.

LIME MORTAR A mixtore of cement or lime and sand with warer.

LINE OF SIGHT The direct fine or uninterrupted view between a driver and an object of
specified height und lecation.

LIGUID BITUMEN Bitumen which is Ligquid at 25 degrees C. [t being judged twquid if its
consislency is so thia that it canngt he determinged by the poneteation test,

LOLSS A wind-blown silt or silty clay having little or no stratification. - Some i ity
peculianties arc the light colour, the fine state of subdivision, the sharpness and angularity of
ils particles, the porosity and coherence.

LONGITUDINAL SECTION A scciion, usoally with an exaggerated wertical scale,

shuwing the existing surface levels along a rosd ceotre line. Tt commonly shows also
reconstruction levels, gradient, cut and fill.

MAINTENANCE Woik carried out on a construction to maintain s efficiency or quality to
the design level but not chianging its capacity.

MAINTENANCE MANAGEMENT SYSTEM A system fo predict the Likely maintenance
requirements of a new or existing road pavement,

MARKER POST Edge delineator posts at the side of the roadway to indieate a curve,

MARGINAL AGGREGATE An aggregate which does not meet conventional
ageregate specifications but which may be suitable for speeific use.
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MARKINGS Any line painied on the road to assist traffic movement or parking.
MAXIMUM DRY DENSITY The maximum density of u soil that can be achieved by a

specified amount of compaction. The moisture content at which this 15 achieved is calied the
oplimum moisiute contant.

MECHANICAL BOND The bond obtsined in a scaled or unsealed pavement due to the
interlocking of angular fragments of aggregate.

MESH The c¢lear spacing of wirgs or the like in o woven sicve. The mesh indicates the

apcrture size and is designated in miflimetres for sizes 1 mm and above, and in micrometers
(rmicrons) for 3izes less than | mm.

METAL A loosely used term for aggresate. It can be either crushed or counded river stone.

MICA Prmary alumino-silicate minersls m wiich two silica layers alternate with one
alumina layer. They separate readily into thin sheets or flakes.

MICRON 1 /1 000kh of 2 millimetre.,
MOBDE Some form of transporn, i.e., (oot, car, bus, air, water, eic,

MODIFIED MATERIALS Granular materials to which small amounts of stabilising agent
have been added to improve their performance without causing a significant incredse in
structural stiffness. Modified materials are considered to behave as unbound mutertals.

MOISTURE CONTENT The quantity of water which can be removed from the soil by
heating at 1 05 degrees C usually expressed as a percentage of the dry weight.

MOISTURE-RETARDENT A stabilisution product which reduces the permeability of a
malterial,

MOULDBOARD The blade of a grader or bulldozer so shaped as to roll cat material away
from the path of the machine.

NATURAL WATERCOURSE The natural drainage channel that water usvally takes.

NET PRESENT WORTH (NPW) Discounting all future sums to the present, using an
appropriate discount rate.

NON-COHESSIVE MATERIAL Material with low [tnes content such as swnds and

gravels.

OME-WAY BOAD A rouwd or strcet on which all vehicle mraffic travels in the
same direction.

OPEN SUB-SOIL DRAIN An open drain provided for the colleclion and remaval
of sub-s01l water rather than surface water.
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OFTIMUM MOISTURE CONTENT (OMC) That moisture content of a soil at which a
specified amount of compaction will produce the maximum dry density.

QRGANIC MATERIAL sce humus

OVERBURDEN 501l or other milneral matter which has w be removed o enable 1the material
beneath it 1o be quarried or excavated.

OVERLAY A layer of material constructed on top of an existing panel to
inprove its shape or increase the strength,

OVERPASS A grade sepuration where the subjech highway passes gver an
lnterseeting highway or railway,

PASSING BAY A widened length of a narmow curnageway at which vehicles
can pass exch other,

PATCHING The filling up or repair of depressions, holes, or other defective places in a
carriageway with additional materiad (o restore the surface.

PAVEMENT Censtructed layers of a road surtace which reduce/disperse loads
10 fevels which are within the bearing capacity of the subgrade.

PAVEMENT RATING A method of systematically describing a pavements
condition usually by visual inspection,

PEAT Unconsolidated soil material consisting  lergely of undecomposed or slightly
decomposed orgagic matter accuntulated under conditions of excessive moistura.

PERMEABILITY The property of & soil which permits the passige of water
through open pore spaces.

PENETRATION [(Used in vating Bitomens). The vertical distance passed through by a thin
cylindrical rod of standard dimensions entering o bitunmnous materisl under specified

conditions of weight, time and femperature.

PENETROMETER A test instrument measuring penelration vessus standard
weight drop. Tests soil strength.

PERVIOUS Allowing the passage of water through.

PIONEERING The initial bulldozing cut at the top of the batter. The start of
earth works on the road.

PIPE DRAIN A drain constrogted with pipes or in the form of o pipe.

PIT-RUN GRAVEL The material is obtained from a natural deposit of gravel without
separatiion or addition of other material,
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PIVOT STEER A machine hinged or pivoted between both sets of wheels.
PLANE (N) A towed wheeled frame with adjustable cutting blade.
PLANE (V) To smooth the surface of & road by means of a planer.

PLASTIC MATERIAL A matgrial in g condition when if can be easily remoulded. ie.,
durnp clay.

PLATE COMPACTOR A hand operated vibrating compactor, mounted on a flat plate,
POORLY GRADED MATERIAL Material with excess particles of a given size.
PONDING Water not draining away from the road surfuce or diuinage system.

PORTELAND CEMENT Binding agent used in concrete see cocment.

PORTLAND CEMENT CONCRETE A mixturc of waler, portland cement, fine aggregate
and coarse aggregate combined into a solid mass as a result of chemical reaction between the
cemeit snd water.

POT-HOLE A hole 1o the roadway surface,

PRESENT WORTH see Net Present Warth,

PRESTRESSED CONCRETE Concrete in which tensile stress, under given conditions of
loading, is eliminated or reduced to safe limits by the imposition of permancnt compressive
forces of predetermined magnitudes and directions, the sieel to achieve this being stressed
cither before the concrete 15 set (pre-tensioned) or after the concrete has hardened o oan

adequarte sirengih (post-tensioned).

PREVENTATIVE MAINTENANCE Constant maintcnance of a road to prevent major
defects and pavement damage occurring

PRIMING COAT An application of light tar or other bituminous material to a prepared
pavemenl preparatory to the initiad application of a tar or other bituminous seal.

PRIVATE ROAD A road wot available for general public used. [F the public have access,
whether by rights or noL, then the Transport regulations apply.

PROFILE Refer to Long section.

PUGMILL A type of mixing equipment in which the container is stationary and the
revolving blades mix the material.

QUARRY An open-surface working from which stone is oblained.

QUARRY DUST The produce of & crushing ur screening plant mainly passing o
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2.368mm sieve. See also CRUSHER DIIST.

QUARRY FACE The vertical or near-vertical werking surface of a quarry, rock
excavation or pravel pit.

QUARRY FINES The smallest sived material produced from  particular
crushing of sereening plant.

QUARRY WASTE Reject material from a vrushing andfor screening plant. It
may contain a wide range of sizes.

QUARTZITE A dense sandstone vock which has been thoroughly cemented by
silici, or which has been hardencd by o recrystailisation process.

QUICKLIME Calcium Oxede (Cad) used as an addilive in soil slabilisation.

RAPID HARDENING PORTELAND CEMENT Rupid hardening portiand cement ax
defined in A5 1 31,5, Portland Cement,

RATIONAL METHOD A method of stream flow caleulation under standard conditions of
ground cover and rain{all intensity. Preferred in some cases over the use of TM G [,

REDUCED HEIGHT OR LEVEL The height at each peg or poinl un a traverse.

RAVELLING The [oosening of slones or particles forming the surlace course of
it paverment.

RE-SHAPING Procedure 1o restore crosstall to a pavement
REHABILITATION An area lreatment 1o improve the sevviczability of 2 pavement.

REINFORCED CONCRETE Concrete strengthened within s mass by rods, bars, or mesh
fusually of stesl}.

RESIDUAL see salvage valoe.

RETAINING WALL A wall constructed to resist lateral pressure from the adjoining ground,
OF 1O MDA 10 position a mass of earth,

RETARDER {in concrete) An admixture which reduces the rate of hardening of cement, thus
increasing the nme during which concrete may be worked.

REVETWMENT A fucing of stone or other material laid on a sloping face of earth to maintain
the slope in position or te protect it fram erosion.

RING ROAD A rowd or hughway roughly cireudar about the cenlre of an arca and permitting
traffic to avoid the centre of such an area.



RIP RAP Loose stone deposited to protect agiinst scour.
RIPARIAN STRITP Areas running alongside streams or rivers.

ROAD The entire way devoted to travel, including bermy etc.  The whole width berween
abutting property boundaries where the roud [s in a surveyed road reserve.

ROUGHNESS Unevenness of a pavement which is commonly assessed by the ride it
pravides.

ROUGHMETER A device for measuring vehicle response to roughness. Usually sums the
vertical dispiacement of an axle to a vehicle body.

RUBBER TYRED ROLLER A road building compaction machine used to finush off the
surface of 2 pavement.

RUBBLE Material consisting of stone of irregular shapes and sizes, broken brick or the like,
used (o provide g stable or perrneable filling or for other ptrposes.

RUN-GFF That pant of the water precipitated onto a catchment arca which flows from the
catchraent area past a specitied point,

RUT A depression in the wheel puth of the carniageway caused by vehicles.

RUNNING COURSE {(wearing course) A thin layer of loose stone which prolects the crust
or swrface of an unsealed read,

RUNNING DISTANCE The cumulative distace al each point on a traverse or long sectinn.

RUNNING PLANSS The boards in a lengitudinal dircction on a bridge deck. They are
sucrificial and iniended to lake the surface wear,

SADDLE Low point in a ridge, having higher ground in both directions atong the ridge.
SAFE S5TOPPING DISTANCE Swopping distance required 1o avoid collision.

SAG CURVE A vertical curve between 1wo gradients to provide a gradual rather than sharp
change in direction.

SALVAGE VALUE Value of a project at the end of its analysis period (RESIDUAL).

SAMPLING The selection of a4 representative portion of 4 material for the purpose of
asgertainng its churacteristics.,

SAND Produce of tock weathering, gencrally siticeous, free from uppreciable gquantities of

clay or silt, and consisting of particles usually less than 2.80mm i size and retained on a
{.75mm steve.
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SCARIFYING The systematie disruption and mechanical loosening of the top of 2 pavement
or of natura] ground.

SCALE Ratio representing the reduction or enlurgement lactor in a drawing.

SCALE RULE A ruler with markings which enable direct reading of distances from maps
and plans.

SCREEN A large sicve used in industrial processes usually mechanically operated, The
steving surface may be cither flal or cylindrical in form.

SECONDARY AGGREGATE A non-premivm aggregate with sufficient durability to
SUPPOr it economic use on unsealed roads.

SEVICEABILTY RATING Assessed in terms of several charvacteristics of a facility and
describes the degree to which relevent requirements or standards are mel,

SCOOP An carthmoving machine towed by and operated from a dozer.
SCOURING Ruts and/or channels formed by the action of flowing water.
SCRAPER An earthmoving machioe,

SCREENINGS Aggregate of small size, usually passing a 26.5mm sicve and retained on a
4.75mm sicve.

SEALCOAT Colloquially equivalent to a chipseal.
SECONDARY ROAD High stundard feeder road linking spur roads (o avteriad roads,

SEDIMENTAION Suspended matenal in a flowing liguid. As the liguid [ow slows 1he
suspended materia] talls onto the ground surface producing sedimentation,

SEDIMENT POND / TRAP Structures used to monitor the sediment produced from an area
during construction and/or reduce the quantity of sediment entering a watenvay.

SEEPAGE The extrusion of small quantities of water by petcolation. The escape of water
through the soil, or water emuerging from an area of soil along an extensive line of surface, in
conirast to springs where the water is focalised and greater i volume.

SELECTED FILL Filling in accurdance with reguirements or specifications set out.

SETTLEMENT A downward movement of the soil or of the suucture 1t
supports by the reduction of the voids i the underlying ground.

SHOULDER The portion of the road continuous and flush with the pavement on cither side
of the road, which is not used by the wravelling raffic.
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SIDE CASTING Pushing excavated material to one side, usually over the edge of the road
being constructed, Mearly always associated with hill side roads wherc the spoil s wasted.

SIDECAST PULL BACK Pulling side cast malterial back onto the road after road no Jonger
needead.

SIDE DEAIN see watertable drain.
SIDE CHANNEL See Surface Water Chanpel.
SIDE LINES (EDGE LINES) Line marking indicate the cdge of the trafficable roadway.

SIEVE A box or tray whose base 1s made of woven wire or stmilar material or of perforaled
metal plate, having apertures of defined shapes and sizes.

SIGHT DISTANCE The distance, measured along the cartiageway, aver which
visibility occurs between a driver and a specilied object.

SHLT A matenal inter 'mediate in particle size between sand and clay. Ttis
usually non-plastic,

SILT FENCE Temporary structure used 1o collect sediment from small areas during
construction. Usually made trom gootextiles of straw bales,

SINGLE-SIZE MATERIAL Aq aggregate, & major proportion of whase particles are of size
lving between narrow limits.

SKID SITE Forestry processing area used by ground based operations to process and store
logs before transporiation

SLAG The stony product resulting from certain smelting processes.

SLIP A& movement or fail of carth.

SLOT DOZING When pushing spoil in a 'diteh’ and spoil is constrained to within the 'ditch’,
Berause spoll cannol escape araund the end of the Blade it helps keep the blade "full'.

SLOPE

(a) The inclination of & surface with respect to the horizontal expressed as rise or fall ina
certain longitedinal distance, i.e., 1 in 1 0 or as a percentage | 0% or as an angle 5 Y2
degrees.

(b) An inclined surface.

SMOOTH STEEL DRUM ROLLER A road building compaction machine, May be static
or vibrating,

SOA PIT A lurge hole maybe filled with rock or stone 10 create a large surfoce area in the
surrounding ground so that surface run-off can soak away.



SOFFITT The highest portion of the internal surfacc of a culvert or arch.
SOXT STOT Localised movement of material within the puvement under loading.

SOIL Any naturally occurring loose or soft deposit forming part of the earth's crust and
resulting (rom weathering or breakdown of rock formation,

SOIL STABRILISATION Any process aithed at muuntaining or increastng the stability or
strenpth value of a soil, as o constructional material, often by admixtures.  Moest Soil
Stabilisation processes reduce the effect that waier has on the material, In generat the more
mansture In o soil the less strength that soil has,

SOUNDNESS TEST An asscssment of the soundaess of 1 material as determined by some
specific lest,

SPALL (SPAWIL) A piece of rock, nsually of dimensions suitabie for feeding into a crusher,
broken from a larger mass.

SPECIFIC GRAVITY The ratic of the densiiy of a substsnce to the density of water at 4
deg. C.

SPOIL Disturbed material. Usvally duving carthmoving.
SPUR ROAD A short temporary access road usvally to alanding or skid site.

STABILISE (V) To modify any natural material w improve or maintain its load-carrying
capacity. {Usually by adding lirne, cement, emulsion or water).

STABILISED GRAVEL Any natural material witich has been modified to improve or
mainiin s load-carrying copacity.  Modification may be by the addition of other amural

materials such as bitumen, lime, cement, or other synthelic magerial.

STEMMING (N} The filling maierial vsed in a dvillhole either between the explosive
rharges or between the explosive charges and the ground surface.

STE?P To form a ledge or bench.
STOCK PILE A heap or stack of material held in stock for future use,
STRATA Layers (usually) of rack, sand sitt ele.

STRIPPING The removal of the upper layer of soil or overburden (including contained
raots, humus or stones’; or the material o removed.

SUEB BASE Arca below the basccourse construgtion.

SUB-GRADE The trimmed or prepared portion of the formation on which the pavement is
constiucted. Generally taken to relate 1o the upper fine of (ormation,



SUB-GRADE DRAIN A sub-soil drain to drain water from the sub-grade.

SUBSIDENCE A downward movement resulting from consolidation or displacement of the
underlying matevial.

SURFACLE DEFECTS Defects affecting the top running surface of a pavement.
SUPERELEVATION Slope of road surface on corners.
SUUNTO Survey cquipment used 1o measure slope angles

SWITCHBACK Acute angled corner enabling the road o meander up steep slopes

TEXTURE

(a} A term indicating the coarseness or fineness of a soll. The texture of soils for
pedagogical classification is determined by a (riangular chwt and is based on the
results of mechanical analysis.

{b) Surtace texiure of a chip sealed roadway.

THEODOLITE A survey instrument used to measure horizontal and vertical angles.

TM 61 (Technical Memorandum 19261} A procedure for caleuiating the strcam flow under
standard cenditions of ground cover and rainfall intensity. This method of stream {low
calcwlation is not generally suited to small streams and requires some skill and cxperience in
its wse and particulagly in the interpretation of results. The RATIONAL method is preferred
tor simall stream catchments.

TOE Bottom of fili or batter.

TOE WALL A low relaining walt constructed at the foot of an earth slope,
TOMMING

{it) The provision of additional vertical support bencath an existing slructure.
(b} The provision of lemporary vertical support.

TOPCOURSKE The layer of pavement between the basecourse and the surface layer.

TOPO MAP A mup showing general information. It may not but usually will
include contours,

TOPPINGS Fine material from rock crushing, usually including dust, passing a 4,75mm
sieve,

TRAFFIC DELAY COSTS User cost incurred by disruptions caused by matntenance
operations.

TRANSITION CURVE A curve of changing radius allowing an easy change from a straight
1o o constant radius curve,
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TRAVERSE A linc of bearing and distances used i road surveys o delerming location.
USER OPERATICNAL COSTS Total costs incurred by the road uscr.

YEHLCLES PER DAY The number of vehicles observed passing a point on a road in both
directions for 24 hours.

VERGE The cdge of a road reserve between the side channel and road.
VERTICAL ALIGNMENT

VERTICAL CURVE A curve in longitudinal profile of a carvisgeway to provide for gradual
change of grade.

YVISCOSITY Interpal friction due to molecular cohesion ia uids,

VIBRATING ROLLER A roller uses vibration o assist compaction,  Characierised
primarily by freguency, amplitude and rass.

VOIDS The voids in a soil refer 1o rhat volume not occupies by solid materials and include
the volume occupies bolh by water and by air.

WASTE A term used for spoil not used in a tilling.
WATER BARS sec cross ditches.

WATER CEMENT RATIO The roiio of the weight of water to the weighl of the cement in
CORCrete Of INQrar.

WATER CONTENT The guantily of water which can be removed from the soil by heating
at 105 degrees C usually expressed as a percentage of the dry weight.

WATER TARLE

(i) The level at which ground water wonld finally stand in an unpumped borehole, well,
o olher depression, when equilibrium has been reached,

1)) See Side Channel.

WATLER TABLE DRAINS Drains running parallel to the rosd wo drain water from the road
carriageway and adjoining slopes,

WEARING COURSE (Running course) That part of the sucface cowrse what directly
supports the traffic,

WEATHERED Partty decompoesed or otherwise affected by cxposure to weather.

WEATHERING The physical and chemical disintegration and decomposition of rocks, and
minerals.
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WHEEL RUTS Longitudinal depression formed in a road by the passage of vehicles. Often
caused by compaction due to wheel loads.

WINDROWED Material formed into a long ridge.

WING WALL Culvert or bridge approach protection wall, eliminating erosion by fast
mOoving water.
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APPENDIX A - Estimating Average Truck Speed
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. Imitial average speed governed by either grade ar horizontal alignment.

Chaose the minimun average speed either from figure 149 or figure 1500
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2, Adjustment of speed for type of road surfacing.

2




Use figure 151 to find a speed adjustment - esther a reduction or a increase. No speed
adjustment is required for a gravel road in yood condition. A dirt road represents a road with
ne metal, or a rough metal road hat is likely to reduce speed. The sealed road represents u

sealed road, or a very smooth and firm gravel road, where the speed is likely (o be higher,
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Figure 131 - Road surfacing speed adjustient
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3 Adjustment of Speed for Road Width.

This speed adjustment is due to the drivers’ perception and driving comfont - as the road gets

narrower, the speed ts decreased so that onceming traffic can be avoided.

Etffect of Roaod Widih on Vehicle Speed
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Figure 152 - Road width specd adjustnens

d. Additional specd adjustment reguired for one-lane roads {less than Sm in width)

[or Ewo-way traffic with turnonis,

This decrease in speed 15 due o vehicles waiting in a turnout area for another vehicle to pass.
Il 15 dependent on the number of heavy vebicles per day (hvpd). Figure |33 has been
culculated for a turmowt spacing of 1500 metres which is considered 1o be a maximum length

because of the time any one vehicle has to wail for another to pass (approximately 3 minuies).
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Effecl an Speed for Cne-Lone Roods with Two-Way Tralflc
(Turneat Spacing = 1500 md
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Fipure 153 - Speed adinstment for a one-lane road supporting two-way traffic.
Note: avpd = heevy vehicles per day.  This is the totad number of
pusses of a truck in one day and includes both divections (ie; louded

and un-loaded). It was assumed to be equal traffic in both directions.

The nember of heavy vehicles per day 1s given by:

f:vpd:ZxExi
Poow

where:
2 = the multiplier for the return unloaded trip
Y = Volume of wood carted over the road (tonnes per anaum)
P = Avecrage payload {tonnes per truck - 27 tonnes for a stundard on-
heghway truck)
W = The number of days per year that wood is carted (typically = 235 days)
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Note: When calealating the average speed on one-wey roads carrying
traffic in one direction only the speed adjustnents in sections 3 and 4

crhove tre rol wved,
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APPENDIX B - Resource Consent Applications

The following informwation is quoted from, Yaughan, L. 1990: Logging Industry
Research organisation (LIROY Mew Zealund Forest Code of practice.  Updated by
Yiser, R & Smith, M. 1993,

1. Relevant legislation

HEALTH AND SAFETY IN EMPLOYMENT ACT (1992)
Parpose

The focus of this act is on prevention of harm arising out of work activities not only

o employees bul other peopte, including members of the pobiic. The three means to

achieve the object are:

» The promation of excellence in health and safoty management by employers
» Prescription of duties to employers and others, Lo prevent harm o cmployees
» Provision for the making of regulations and approved codes of practice velating 1o

specific hazaids e.g. Safety Code for Forest Operations

Implications

Employers have a duty 1o take all practicable seeps to ensure the safety of employees
while ot work, They must identily hazards and eliminate, isolate or minimise them.
Employers must invelve their employees in the development of health and safely
procedures relating o the maragement of hazards and dealing with emergencies and

imminent dangers. The responsibility is with the employer 10 assess what the hazards

are and deal with them.
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Administering Apgency

Qceupational Safety and Health Service of the Bepartment of Labour

Allied Legislation

Employment Comracts Act 1991

Actident Rehabilitation and Compensation Insurance Act 1992

Coniact for Information

Bush Inspectors at the regonal offices of Lhe Gecupational Safety and Health Service

of the Department of Labowr

Note

Replaces the Bush Workers Act 1945 but the Safely Codes for Forest Operations

remain in place.
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HISTORIC PLACES ACT 1980

Purpose

This Act provides for preservation of New Zealand's historie heritage, bath buildings

and land.

Administering Agency

The Historic Places Trust, a quango of the Department of Conservation,

Iinplications

IL 15 an offence to destroy or damage an wchacological sile or a site with impornanl
historic or wadilional values. Local authorities usually register such sites in their
district scheme. Some mujor forestry organisations have employed archueotogists
and/or historians to survey their land prior to starting operations. Where sites are of
lesser impottance, modification may be permitted once they have been surveyed and
consultaiion with local Tangata Whenua taken place.

Contact for Farther Information

Planning Officer with District Council, specialised staff in the regional offices of

Department of Conservation, or staft in the Historic Places Trust.

Allied Legislation

Antiquities Act 1975
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RESERVES ACT 1977

Purpnse

The Reserves Act 1977 provides for the purchase and management of areas of special

nterest for public use.

Administering Agency

Department of Conservation.

Implications

Areas of publicly-owned land can be designated as recreation, scenic, historice, native or
scientific reserves,  Activities that will adversely affect the plant life or wildlife of a
reserve are not perreitted.  For most forest owners, the onty major problem would be
burning-off operations where it was pot possible to fucbreak the boundary with the
[ESCTve.

Contact tor Information

Regional on district staff of the Department of Conservation.
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RESOURCE MANAGEMENT ACT 1991

Purpagse

The Resource Management Act 19910 deals with the munagement of naturval and

physical resources. The Act promoles sustainable management of those resources.

Administering Agency

Ministry for the Environment, with implementation through Regionaf and Diskici

Councils.

Implications

The Act provides a frarmework for resource management with emphasis on the effects
and outcemes rather than contrel of specific activities. The Act provides a common set

al principles to be applied to management of all resources,

The responsibilities of central government, regional and district councils and
individuals dre set out in the Act. The procedures for resource-use applications are
simitar 10 those used previously however every consent application must be
accompanicd by an assessment of the effect ihe activity will have on the environment.
‘Fhe information required may need o be mere detailed than under the previous system,
depending on the significance of the propnsal. The Act requires a consent applicant to
have considered the off site effects any activity will have, Any adverse cffects muost be
avolded, minimised or mitigated and o statement of how this will be achieved must

accompany the consent application.
Contact for ¥Further Information
Planning and gperational staff with the Regional and District Councils and Ministry for

the Environment.
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WILDLIFE ACT 1953

Purpose

This Act provides for the conscrvation and protection of absolutely or partally

protecied species of native animals, lizards, birds, msects ete.

Administcring Agency

Depariment of Conservation

Implications

The term “wildlife” has a very wide definition as being any animal that is living
in a wild state...”. However it does not include animals such as deec, chamos,
coal, opussum, pig, thar or wallaby, which are wild animals subject to the Wild
Animal Control Act 1977,

The Wildlife Act provides for the protection of wildlife through wildlife
sanctuaries, reserves and refuges, prescribes huniing seasons for game animals
and authorises the appointment of rangers.

Contact for Information

Regional offices of Department of Conservation.

Local Fish and Game Conncils.

Associated Regulations

There are muny sets of regulations and orders establishing parlicular sanctuaries

and refuges.
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2. Documents of Interest

* Purposes and Principles of the RMA {Scctigns 3 to 8)

» TFourth Schedule of the RMA {assessment of effects on the environment)

» Geperal Puties of Employers in Health and Safety in Tmployment Act (Section
)

» Tigh Repulations {selected sections}

PURPOSE AND PRINCIPLES OF THE RMA, 1991
(PART 15, SECTIONS 5- 8

5. PURFOSE

{1y The purpose of this Act is to promote the sustainable management of natural and
physical respurces,
(2) In this Act, "sustainable manzgement” means managing the use, development, and
protection of natural and physical resources in a way, or al a rate, which enables people
and communitics to provide for their social, economic, and cultural wellbeing and for
their health and safety while -
{a) Sustaining the potential of natural and physical resources (excluding minerals)
to meet the reasonable foreseeable needs of future generations; and
{b} Safeguarding the lifc-supporting capacity of air, water, soil, and ccosystems;
and
(¢) Avoiding, remedying, or mitigating any adverse cffects of activities on the

EOVINGOITICEE,
6. MATTERS OF NATIONAL IMPORTANCE
In achieving the purpose of this Act, all persans exercising funetions and powers under

i, in retation 1o managing the ose, development, and protection of naturat and physical

respurces, shall recognise and provide for the follewing matters of national imporance:
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{a) The preservaton of the natural character of the coastal environment (including
the coastal marine area), wetlands, and lukes and rivers and their marging, and the
protection of therm from inappropriate subdivision, use, and development:

{by The protection of oulstanding natural features and landscapes from
inappropriate subdivision, use, and development:

{c} The protection of arcas of sigmificant indigenous vegetation and significant
habituts of indigenous fauna:

(d) The maintenance and enbiancement of public access to and aleng the coastal &
marine arca, lakes, and rivers:

{c) The relaticnship of Muaori and their culture and traditions with their ancestral

lands, water, sites, waahi apu, and other tagnga.

7. OTHER MATTERS

[n achieving the purpose of this Act, all persons exercising functions and powers under
it, in reladon to managing the use, development, and protection of natural physical
resgurces, shall have particular regard to -

{a) Kuitiakitangza:

{b) The efficient use and development of natural and physical resources:

{c) The mantenance and enhiancemant of amenity values:

(d) Intrinsic values of ecosystems;

{e) Recognition and protection of the heritage values of sites, buildings, places, or

argas:

(7 Maintenance and enbancement of the quality of the environment:

{g) Any finlte characteristics of nutural and physical resources:

(k) The protection of the habitat of oul and salmon.

8. TREATY OF WAITANGI

In achieviny the purpose of this Act, all persons exercising functions and powers under
it, in relation o maaging the vse, development, and protection of nmural and physical
resources, shall take into account the principles of the Treaty of Waitangi {Tc Tiriti o

Waitangi),
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FOURTH SCHEDULE OF THE RMA, 1991
{ASSESSMENT OF THE EFFECTS ON THE ENVIRONMENT)

1. Matters that shouid he included in an assessment of effects on the environment

Subject 1o the provisions of any policy statement or plan, an assessment of effects on

the environment for the purposes of section 88 (6)(b) should include -
(a) A desenption of the proposal:
(b Where it is likely that an activity will result in any significant adverse
effect on the environment, a description of any possible alternative [ocations
or methods for undertaking the activity:
{¢)  Where an application is made for a discharge permit, a demonstration of
how the proposed option is the best practicable option:
{d}  An assessment of the actual or potenoal effect on the environment of the
proposal acuvily:
{e} Where the activity inciudes the use of hazardous substances and
installations, an asscssment of any visks 1o the environment which are likely o
arige from such usc:
{f;  Where the activity cludes the discharge of any contaminant, a
description of

{ The nature of the discharge and the sensitivity of the proposed
receiving environment to adverse effects; and
{11}  Any possible alicrnative methods of discharge including
discharge into any other receiving environment:

(g) A description of the mirigation measures (safeguards and contingency
plans where relevant) to be undertaken 1o help prevent or reduce the actual or
potential effect;
(h)  An Wdentification of those persons interested in or affected by the
proposal, the consultation undertaken, and any response to the views of those
consulted:
(i) Where the scale or significance of the activity's effect arc such that
monitoring 1§ required, a description of how, once the proposal is approved,

effects will be monitored and by whom.,
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2. Matters that shonld be considered when preparing an assessment of effects on

the environment.

Subject o the provisions of any policy staiconent or plan, any person preparing an
assessment of the etfects on the environment should consider the following matters:
(a)  Any effect on those in the neighbourhiood and, where relevant, the wider
community including any socioeconamic and culturad effects:
{B)  Any physical effect on the lovality, including any landscape and visual
aflects:
ey Any effect on ecosystems, including effecis on plants or animals and
uny physical disturbance of habitats in the viciaity:
{d}  Any effect on natoral and physical resources having  aesthelic,
recreational,, scientific, histonical, spiritual, or cullural, ot other special value
tor present or future
generations:
(c) Any discharge of contaminants inte the environment, including any
unreasonable emission of noise and ﬁpliﬂns for the treatment and disposal of
contaminants:
{f)  Any rnsk to the neighbourhood, lhe wider community, or the
cnvironment theough natural hazards or the use of hazardous substances or

hazardous installations.
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SECTION 6 OF THE HEALTH AND SAFETY IN EMPLOYMENT ACT, 1992

6. EMPLOYERS TO ENSURE SAFETY OF EMPLOYEES

Every employer shall take practicable steps Lo ensure the safery of employees while at

work, and in particular shall take practicable steps to -

(a)  Prowide and maintain for employees a safe working cnvironment; and
(b)  Provide and maintain for employees while they are at work facilities for
their sufety and health; and
¢y Ensure that plant used by any emplovee at work is aranged, designed,
made, and maintained that is safe for the employee to use; and
(d) Ensure that while at work employees are nol exposed 10 hazards atising
out of the arrangement, disposal, manipulation, organhisation, processing,
storage, wanspord, working, or use of things -

(1} Intheir place of work; or

(iiy  Mear their place of wark and under the employers control, and
(g) Develop procedures for dealing with emesgencies that may arise while

cmployees are al wok,
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FRESHWATER FISHERIES REGULATIONS, 1983 & CONSERVATION LAW
REFORM ACT. 1994 (SELECTED SECTIONS}

The following information is quoted from, C.P. Mitchell {1990), [ish Passes for
MNative Fish: A Guide for Managers. New Zealand Freshwater Fisheries Miscellaneous

Report No. 45,

The Lepartment of Censervation has the responsibility for the protecting and
maintaining New Zealand's native fish populstions under the Freshwater Fisheries

Regulations 1983 and the Conservation Law Keform Act 1990, These acts specify:

{a) "No person shall construet any culvert or ford in any patoral river, shrean or

water in such a way that the passage of fish would be impeded.” {Section 42;

(b)  "..The Dvrector General of DOC may require that any dam or diversion

siructure proposed to ke built include a fish facility.” {Section 43);

fcy  DOC also has the power to specily design and operation critcria of any fish

passage. {Section 44: Appendix L}
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APPENDIX C - Geemetric Design

1. Intermediate Cantrol Points

[ntermediale control potnts ave required where a small {or occasicnally large) hifl 15
inline with the new road.  in this sitvation, rather than trying to form the road over wop

of a rock bluff, a box cut is made through the hill w the required prade.  Refer figure

[ >4,

{Gradeline
aontinues
I
G 0% | o™
s % [m) Co
|
I

Finished road [evs

Gradeline | | _
0 //iﬁ@ -
S S

1. Measure 8 9% (slope in percent) and D {distance in metres),
while g % = =lope of gradeling being marked.

2. Calculale distance required at a 0% grade = x {melres), where

_ D(S-9
2 S? +1

{Note: Both 5 and g are expressed as a decimal slope, 8. 10% = 0.1)

g1 s

Figure {34 - Intermediate control potns over @ vock binff.
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2. Crossing Hallows or Draws

In crossing o hollow or draw, the giadeline must not be continved so far up into the
hollow that construction of the minimum radivs curve will materially iocreuse the
finished grade of the road. The best way to avaid this problem is 1o “shoot™ a fevel
prade across the hollow at a point where it is twice as far 1o the other side as the radius

of the desired curve in the hollow.

For exampie, i the radius of the curve in the hollow 15 10 be 26 meties, the Abney mun
should stop setting grade when he is about perpendicular and o) metres from one side
of the hollow to the other, AL that point he should set the Abney at zero and “shoot™
peross the hollow and make o grade mark (figure 153). Me con then go across the
hollow and contipue seeting prade at that point. This procedure wilf ensure that the

desired grade will not have been increased.

(R T 1
Expected Location of

2

/

[
=
o™l
1

Figure 155 - Procedure of shooling 0% across holfow
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If gaining cvery possible metrs of elevation is imperative, then the shot across the
hollow can be on a gradient, but it should net be more than one half of the grade being

run.
A Ruonning Around Long Narrow Ridges

This problem is similar o crossing holiows, It is best o run around the ridge on a zero
percant grade frorn the point where you want the curve to begin, to the poial where you
want it to end. At this point, the gradeline can be continued and allow construction of
the desired radius curve and lower the grade around the corve, Renning o continuous
gradeline around the nose and constructing a larger radius curve will cause the pradient

te incrcase and the curve would be in a through cut for nearly its entire length.

7

& Keep Grade at 0%
™/ Around Ridge
o 0% N Expected Location of
2hm Hadius Curve

7

Figure 156 - Running around the nose on o zevo percent grade.

Walk around the ridge on a zero percent grade and estmale where the curve will end to

Przpin the next gradeline section.
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4. Switchback Layout

In mest cases, the slope of the ground in the switchback area will be greater than the
gradient that is being run. The problem then, ts how o modify the gradeline to allow

construction of the desired grade around the switchback.

For exampie, 121 us assumc that the switchback area has a side slope of 30% and you
wish {0 build a switchback with an 26 meter radius on a 6% grade, and that the road
zrade on the straights is 10%. H the switchbuack is a full half circle, then the elevational
distance on the ground between the beginaing and e end of the swilchback is 16

metres (2 x 26 % 0.3), und the length of the switchback is 79 metres (26 x [T)

It the switchback is to be built to 6% w will only use 4.74 metres (79 x (L.06) of the
elevationsl difference between the beginning and end ol the switchback.,  The
difference between 16 metres on the pround and the 474 metres used v the
copstruction must be compensated for. This can be done by cutting half ol the

16—4.74

difference [ =5.13m]{)n the vplull side of the switchback, and filling the

same ameount on the downhill side of the switchback.

To be a continuwons grade, the cutting and filling must stan beyond the beginning and
ending of the swilchback, Thix distance is provided for by laying owi a 0% grade for
51.3 metees up to the beginning of the curve, and for 51.3 metres beyond the end of the
curve (51.3 x b1 = 5.13%. In this casc, the {ield procedure would be to run the 10%
arade o withm 51.3 metres of the beginning of the curve, run A 0% grade for 51.3
metres, layout a habl circle with an 26 metre radivs, run 0% for 51.3 metres, and then

continue the gradeline at 10%.

Considering the impact of steep ground on switchback construction costs, it becomes
obvious that locating suitable swichback arsas is very important. o some siluations

they can be the most important conwol point on the entire road,
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Use the table and figures below to aid in the calculations required for gradeline setout.

Symbols Examplc
Side Slope {9/ 100} 5 0.3
Eoad Grade (%100 G 0.1
Curve Radius {m) R 25
Grade on Curve (9o 1000 g 0.0G
Ejevational DAff (o) ? E={2ZxRxS§) 2a25x03=13
Curve Deflection (degrees) o 180
Curve Length (m} O = (Rx[T=6/180 2553142 2 |BOFIRO =70
Eicvution gained on curve {m) H=Cxg T9x 06 =474
Cut and Fill Depih {m} D =(E- H)2 3 x4.74/2=513
Dist at 0% Grade Before Curve (m) X=DNG 51301 =513
Dist on ground {rTom A to B (m) F = J{2R)* +{E} ,J.[g x 25Y + (1517 = 52.2

Table 36 - Culenlating switchback layouwt
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- I
- - -(.3_?,/2 _ - %
- __G. _______________
| B
* K {m]_ _—
(Cuf)
S% Sideslope E {m} C (m)
(3.1416°R)
O?"‘o_-"
TR et e A
Tor —— .
G% - X m) ————m
(Fili)

e

g om
|'__ -

. Existing ground \
\ \ Ny
I:: e - - l:-l B
Side View F e o \Lﬁ/

Mark point \

- e~

D (my fil
Section AA

Fipure {37 « Switchback lnyout.
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~-JE -— 0%
T‘ """""""""" )
51,3 (m)——mw

(Cut)
30% Sideslope 15 (i 79 (m)
(3.1416°25)

0% —w=
S ok i A
0% :
- 51.3 {m)—— -
(Fill 5
Al

Side view {(without road),as shown below,

— 'I'l,.
572 2 L‘m‘:_)?\ o 25-_—.:5{} li-.mﬁ '|II

1
o of 2P Mark point lll'a
' Existing ground \III.

Side View Vo
S e 15(m) y
| il
SAOPE 1A B 74{m) Sstmu
o Etl'lde' I i
ae :5.13¢my fill
Section AA

Figure 158 - Switchback layout example.

353







APPENDIX D

CULVERT DIAMETER SIZE
FORMULAE AND CATCHMENT
WATER DISCHARGE
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APPENDIX D - Culvert diameter stze formulae and catechment water discharge

Talboi Formula - Source: N.Z. Forest Service [973: Civil Engineering Rulletins.

The following formula can be used to directly calculate the required culvert cross-

sectional area:
A=C WM (Imperia
where:
A = Required culvert size, in sq. ft.

& = Catchiment area, in acrey

' = coefficient {as below)

o
A=0183C WM® (Merric)
where:
A = Reqguired culverr size, in sq. metres.
b = Catchiment area in Hectares
then:
A
-
I1
where:

D = Diameter of culvert pipe requirgd (in foet or metres depending on which

formuia is used above)
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The coefficient T depends on the size, shape and contour of the catchment arca. The

following values are recommended for the varicus conditions:-

c =1 For steep and rocky ground with abrupt slopes (1006 waler runoft).
2

£ = é For rough hjlly country with moderate slopes (66% water runoff}.
] ]

¢ = 3 For uneven valleys, very wide compared (o length (30% water runoff).
[ ; . .

¢ o= = For rolling agnicullural country where the fength of valley is theee or
]

four times the width {33% water runoff).

1

O o= 3 For fevel eatciunents not affected by snow or severe Dloods,

EFor still milder conditions, or from subdrained lands, decrease € as much as 30
percent, but incrcase C for steep side slapes or where the upper part of the valley bas a

much greater fall than the channel of the culvert (20% water runoff).

Alternatively, figure 159 and table 36 can be used to detormine the culvert diameter
required. To do so locate the catchment area on the vertical axis of figure 159, locate
the intersection of that with the curve for the appropriate C value, and irace down Lo
find the reguired culvert cross-sectional area on the horizontal axis. Using this value in

table 36, read off the culvert pipe diameter,
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0.1

0.36

LOAREA(CMY) T DIAMETER (W)~

2.76

0.2

(.50

2.99

0.3

0.62

0.4

0.71

0.3

0.80

0.6

087

35

9.0

3.39

3.57

o —rr -

305

07

0.54

0.5

LOE

IRY

1.07

6.18

7.14

1948

Lo e e 8.74
20| 1e0 B 70 944
E 3.0 1.95 80 10.09 F;
:‘ T 40 226 _ 90 10.70 11.
‘ 5.0 , 2,52 ' LOO Lf.28

Takle 37 - Conversion feom culvert ared to diamerer

Exampie: Find the cross-sectional area of a culvert suitable for draining 90 hectares

; _ |
mn level country, assuming E as the value of C.

Using Talhaot's Formla:

A=0183C M (Metric)
=183 % :[-; % o

=107 m’

.{J:?\}E =2

which gives
in rn

= 1 17m
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Rational Method - Sowrce: Robertson, NAG 1963: The frequency of high

intensity rainfalls in New Zealand
This formuta determines the discharge from a catchment area:

Q=021BCLA [Formula 1}
Where:

0 = peak discharge (m'/s)

Iy = average ranfall intensity for eritcal time period ¢ (maovhr)
Thw average rainfall intensity 1, is determined from the following tormula;

[, = design storm yainfull depth (D) {miem}

time of concentration (T} (hr) [Formuia 2]

A = drainage area (km) (Le. lkm? = 100 ha)

C = runoff cocfficient obtained from table 40 or 41

Procedure:
Step I Determine the value of C lrom table 40 or 41.
Step 2. Artain rain gauge (Pluviometer) data if avaalable.

If pluviometer data is available:

Sep 3.

(a) For each duration time period, plot on figure 160, the rainfall depths for
the given return periods. This will give several cormesponding depth-

frequency lines.
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Step 4.

(b

{c)

[ necessary, extend the depth-frequency lines fo the rettrn period

of the design storm,

Logate the return period of the design storm and read oft the rainfall
depths for cach depth-freguency line.

Using ligure 161 plot the above raintall depths and draw the depth-
duration curve for the setected veturn period.

The depth for a duration time equal to the time of concentration of the

catchment ¢an then be determined [rom the depih-duration line.

5o to Step G of A2.2
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Figure 160 - Return Period Plotting Diagram
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Example:

A given catchment has a time of concentration of %0 minutes and the following depth-

durarion-frequency data {table 38) has been obtained from the Meteorological Service.

Retorn Period Rainfall Duration Time
10 Min 20 Min 30 Min 1hr 2hr
2 Years 7 10 12 L7 23
5 Years G 13 16 21 29
10 years i0 |3 19 24 iz
20 years {1 L7 21 20 36
50 years i3 20 24 30 41

Tabie 38 - Carchinent raingange data (Note: Rainfall depths are given in pun)

The design cequirements call for a design storm event retorn period of 100 years,

Solution:

Using figure 160 the rainfall depths are plotted and the associated depth-fiequency line is

produced.

Now read off the rawnfall depths for the 100-year return period (table 39) and plot these on

fipure 161, This will give the 100-year depth-duration line.

Rainfall Duratien Time Rainfall Depth for 10{ year return Period
13 Min 14 mm
20 Min 22 mm
30 Min 27 mmn
| hour 32 mm
2 houwr 44 mm

Tafle 39 - Roinfalf depth data obtained from figure 160,
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From this 100-year depth-duration line the depth comesponding to a duration of 90 Min (i.e.

time of coneentration}, This value is the design storm rainfall depth (D) (i.e. 40 mun)

Use this value in Formula 2 o determine the average rainfall intensity 1 and then use Formula

1 to deteremine the peak discharge (.

If pluviometer data is not available and map data has fo be used:

Step 3. Determine the value of T (Tune of Concenlration) [see Note | and Nowe 3
bealow]
Note 1: For information on the cachment characteristics and the hydrological data,

Lacal Authorities, The Meteorciogical Service, or MIWA should be contacled.  [These
ageneics may be able to help with values for time of concentration (T), the runcff coefficient

{C), and othet parumeters.]

Step 4. Deternmne the Required Return Design Period for the Design Stoem [see Note
2 below)
Note 2: The choice of the return period will take im0 account the following factors:

. The expected life of the stuciure
2. The gencral economic consequences of failure

3. The loss of Life and livelibood that may result

[Many bridges are designed for a 50, 100 or 200 year peak discharge, whereas small culverts

are often designed for the 10 or 20 year peak discharge. ]
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Step 5.

(a)

{b)

()

(d;

(&)

Note 3:

Calculate the value of D {Design Storm Rainfall Depth)y as follows:

Erom figures 162a and 1620 determine the 2-year and 20 year rainfall depths for
the 1/2-hour duration. (Interpolation allowed)

From figures [63a and 163b determine the 2-year and 20 year rainfall depths for
the 2-howr duration. {Interpolation allowed)

Using figure (00 pot the 2-year and 20 year depths for cach of the two duration
times. This will give the corresponding deprh-frequency line.

If necessary, exiend 1he 1wo depth-frequency lines to the return period of the
design storm.

From each of the two depth-frequency lines read off the minfall depth
corresponding to the return pertod of the design storm.

Now osing lgore 16], plot these depths and determing from ihe resulting depth-
duration line the eninfall depth for o duration equal to the time of concentration

(T). This value is the design storm rainfall depth.

When the {ime of concentration exceeds 2 hours, the above procedures are still

used cxcept the 24 hour rainfall depths are osed in place of 1f2 hour depths. The 24-houwr

rainfall depths are abtainable from Robertson’™s (1963) dala for the daily rainfall stavions,

Step 6.

Step 7.

Use this formula to caleulate the value of [ {(average rainfall intensity
(mmh) for critical ime period t). [Formula 2.]

Calculate the Peak Discharge (Qy(m*/s). [Formula § .}
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Figure 163b

20-Year, 2-Honr Rainfall
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Note 4: Because the Rational Methed is an empirical method, it should only be
userd to estimate the design discharge when hydrological data is unavailable ar
sufficient tor 2 detailed and precise analysis. Furthermore, in view of the inherent
uncertainties with empirical methods, two methods should be used, with each

providing a check on the yesults from the other.

Example:

Cutchmient area (A) of 1.2 km” Located in the Gisborne district (figure 162 a & b)

Catehrment charactenistcy are 45 follows:

e Rainfall Intensity: 75 - 100 mavhr

= Relicl: Rolling with average dlopes 3% - [0%

= Surface relention stream and surface storage: Negligible
« Infiltration: Loam soils

» Cover, 87% of area coverad by improved pasiure

Time of Concentration (T of 1.5 hrs

Return Period for the design storm is 10 years

Solution:

1. From table 40 the following value of C can be determined;
Rainfall intensity (0.3

Relief . {0.00)
Surface retention stream and surface storage: {010y
Infilteation: (0,107

Cover: (0063}

Therefore C =030+ 0.00 +0.10 +0.10 + .05 =0.55
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Frem figure [62a the 2 year, 1/2 hour duratien rainfall depth for the catchment

= {4 mm

From figure 162b the 20 year, 1/2 hour duration rainfail depth for the catchment

=32 mm

From figure 163a the 2 year, 2 hour duration rainfall depth for the catchment

= 32 mm

From fagure 163b the 20 year, 2 hour duration rainfall depth for the catchment

=59 mm

Plot the depth-frequency lines on figure 160 from the 2-vear and 20-year data

obtained above,

From these lines read oft the rainfall depth corresponding to a 10 year refurn

period for the design storm.
Plat these valugs on figure [0] and draw the resulting depth-duration lae.
Form this the design storm rainfall depth value can be determined for a time of

concentiation of 1.3 hours 1ie: 51 mm.

This value can then be used to calculate Q using firstly Formula 2 ard then

formula L.
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Manning’s Formula

Manning's formula estimates discharge, and relies on chanael or pipe characleristics

where:

Q = discharge (m'/s)

A = cross sectional arca of the stream (m""}

R = hydraulie radius {m), (arsafwetted perimeter of the channel)
5 = slope of the water surface

n = roughness coefficient of the channel {see table 42)

Natural Siream Channels bp?

| Regular section:

Some grass, Htle or no brush. e 0.030 - 0.035
Dense growth of weeds, depth of flow greater than weed heighi.... 6.035 - 0.050
Some weeds, light brush on banks. ... (0.035 - 0.050
Some weeds, heavy brushon banky o oononiin e e 0.050 - 0.070
Some weeds, dense willows on banks.....onn 0.060 - 0.080

Trees within channel, with branches submerged ac high stage; increase

b0VE Values DY, 0.010 - 0.020

2. lrregelar sections:

Water paols, slight channel mennder; increase valucs above by..... 0010 - 0,020

3. Mountain streams, no vegetation in channegl, banks steep, wees and

brush along banks submerged at high stage:

Bouom of gravel, and few boulders......o e 3040 - (1.050
Bottom of rounded gravel with large boulders.....cove e 0.050 - 0.070

Table 42 - Manning's n for natural stream channels (Highway Task Force, 1971)
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The arcu and wetled perimeter for the caleulation of the hydrawiic radius R is determined
by a field inspection of the stream and its sureounding floodplain.  Identifying the high
water marks on the strecam banks (figure 164), scour and soil erosion on the floodplain,
debris in the vegetation, and marks on tee trunks, of the surrounding trezs and bush, will
mdicate the high water level for a 10 year flood. Flow levels can thea be determined for

higher recurrence intervals using table 43,

e . e

Fromm land stage
Lecak la high waler

Intermikenlly submargad -
k high water 10 surmmer low level

Chanaal

L Alugys wat

fAF FLOQIDNAG « the focd plnin i= comalaigly covared
(B} HIGH WATER - (he channel fiol i ihe rormal high water ing

Figure 164 - Determining water levels of stircam channel

Peak Flow Return Pericd Factor of Flood Intensity
[years) {10 Year peak flow = 1.00)
10 1.00
23 1.25
30 1.50
100 1.80

Table 43 - Penk flows for higher return periods
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Nuoter The inaccuracies encountered during the examination of the
stream Site and floodplain make Manning's formula very subjective and
user specific. Therefore this formula shouwld be wsed with cauwtion. Also,
the asswmption that there Is a uniform, steady flow in the stream will also

penerale spmte fnaccuracies.
Exampie: A strearn channet has a trapezoidal channel of straight alighment and has a
uniform cross section. The side slopes are 1, channel slope °S* is 0.005, has a stream

bed width of 12.5 metres, and o high water depth {10-year event) of & menes. The

channel has some weeds and light brush on the banks.

|. The wetted perimeater is calculated as

Width + 2 x (High Water Depth / Cos(Side Slope))

!2.5+’2x[ _)=29.47m

Casd3

2. The cross sectional area "A’ is equal to

l . . . .
5 x sum of parallel sides x perpendicular height

1
{ic. arcaofa tmpemldal} — xe+dxh

N4
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% (125 +24.5) x 6= 86 m’

3. Hydranlic radius "R":

Cross sections ared + welted perimeter

B8 292 m
29.47
4. Munning's n from table 42;
n=0.0423

5. Discharge:

Q = n-l ﬂ REJ'."i Sl-'ll

0 =0.0425" % 86 x 2.92° x 0.005"% = 292.31 m'fsec

(Welocity can be delermined if reguired by % = 3.4 mfsec)
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