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Abstract :Concrete 1s by nature not suitable to resist tension.
So reinforcing was placed to bear the tensile stress.
Sometimes we need a lot of reinforcing, especially at
joints of an earthguake resisting frame. To reduce that
amount in order not to have difficulties in casting the
concrete, an experimental study has been provided by
adding steel fibres in the mortar. It showes a c¢certain
increase of the tensile strength of the concrete.
Introduction
It has been known that the tensile strength of concrete is
very low. By placing mild steel for the reinforcing., the tensile
strength can be improved. In some cases, e.g. at beam-column
Joints of earthquake resisting frames, a great amount of reinfor-
cing is required. And this will create difficulties to produce a
non—porousive concrete.
To overcome that problem, a certain percentage of steel

fibres will be added in the mortar, sothat it will reduce the

mild sgteel as the reinforcement.

Description of the Tests
Dramix ZC 80/80 steel fibres of Hooke-ends type was used in

the tests. ZC 60/80 means 80

- o mm long, B0/100 mm diameter,
hooked at the ends, and they

Fig.l. Steel Fibre of
Hooke~ends type. are bundled by glue. The fibre
concrete shear stressgs is 24
kg/cmz_ Concrete of grade K-225 is mixed by ¢ %, 0.5 % and 1 %
Dramix steel fibres. The crushing strength was obtain by testing

cube gsamples of 15x15x15 cm. And split cylender tests was

rerformed by testing cylenders of 15 om diameter x 30 cm  long.



A1l of the samples are wet cured.

l F To provide the flexural tests,
‘ f e a simply supported beam was
20 |y
e modelled ccordin th
s - — * - odelle a g e ASTM
E ¥ o 3 ¥ A—F
0 ) standard (see fig.2.). The
Fig. 2. Flexural test model. results of the tests are sum-—

marized in tables.

Table 1 -~ 3: crushing tests of 0 %, 0.5 %, 1 % fibres at 28 days.

Table 4 -~ 6: split cylender tests of the same fibres percentage
and age.

Table 7 - 9: ultimate flexural tests of the beam model.

Discussion

Hesults of the experimental study are quite different from
the thecoretical analysis ( see tables 10 - 11 ).
The tensile stress was determeined by the split ecyvlender

tests. The formulas used theoretically‘are :

_ 2P
Ofk\..l T d l C
~ D : - e 8
C =1 ~ 53 { a2 — Bina }y and o = 2 arc tan 5T

For 3~dimensional stesel fibre RC

o = = VS + L/D where L/D = 75
T = 24 kg/cmz

While from the tests we get a guite high tensile stress. Both of
the results are showed in table 10.

The ultimaté flexural stress was determined by three methods
i.e. : theoretically, according ASTM standard, and by the stress

block principles.



The formula for this theoretically calculation is

o =V r* L/D 39/32
L s

While according the ASTM standard

_P1
b 4

o
L

Determination of the flexural stress by considering the stress

block, will assume the location of the neutral axis as 1/¢ d from

the most outer compressive fibre of the model. Thus

M =T x 10.83

~ T
o =

i seclion area below neutral axis

The results of all the calculation above are then verified by the

Finite Element Method. The comparison of the results are

tabularized in table 11.

Conclusion

1.

How to spread the fibres homogenously in the mortar is quite a
problem.

Increasing the fibres percentage and L/D ratio will give better
gquality of concrete, but the workability will be a ﬁroblem. The
aggregate size will influence the percentage of the fibres of a
reasconable workability. A maximum of 10 mm diameter of
aggregate will give an optimum percentage of fibres.

The steel fibres improved the ductility of concrete; It means

steel fibre RC is not as britlle as plain concrete.
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Sample | Age Welght P I T Area Volume Load Ucrushing Weight Vol
- No. 'dayg gr em cm em cm cm3 Kg Kg/cmz gr/cm3
1 28 7800 115,10 |15,10 |15,05 | 228,01 3431, 55 54,044, 63 237,03 2,27
2 28 7860 15,15 15,00 |15,10 | 227,25 3431, 48 54554, 49 240,06 2,29
3 28 7820 15,20 |15,10 [15,15 | 229,52 3477,23 | 54041, 63 235,47 2,25
A 28 7850 15,10 |15,00 115,00 | 226,50 3397, 50 55064, 3, 243,11 2,91
5 28 7810 |15,10 |14,90 115,15 . 224,99 408,60 | 55064, 34 244,74, 2,29
6 28 7900 15,05 (15,00 [15,25 | 225,75 3442, 69 54044, 63 239,40 2,29
7 28 7850 15,20 115,00 115,15 228,00 3454, 20 53534,78 234,80 2,27
8 28 7800 15,15 |14,95 (15,20 | 226,:9 b, 95 54044 63 238,62 2,26
9 28 7875 ;;:00 ;;,oo“_;;:g;” ;;;:;;;**~M“;395,25 53024,,92 235,67 2,32
10 28 7760 15,10 |15,00 15,14 | 226,50 34,29, 21 53024,92 234,11 2,26

O1m=238, 30

Table 1. Crushing tests results of O % fibre at 28 days.




Sample| Age Welght P i, T Area Volume Load %rushing Weight Vol
No. | days gr S e em” cmd Kg 'r’\g/cm2 gr/cn’
1 28 8025 | 15,05 | 15,05 115, 1 226, 50 420,15 61182, 00 270,12 2,35
2 28 8050 15,18 é;,ﬁa 15,70 228,31 3470, 31 £3731,88 279,15 2,32
_____ . -
3 28 8040 15,24 115,13 |15,2] 230, 58 3507, 14 63222, e 274,19 2,29
4 28 750 15,05 | 14,97 115,13 225, 30 3408,77 62202, 31 276,09 4,33
5 28 7980 15,04 115,02 [15,20 225,90 3433,69 68830, 43 304, 69 2,32
6 28 8050 15,40 115,14 115,05 233,16 3508, 99 61182, 60 262,41 2,29
7 28 7820 15,00 [15,00 {15,15 225 3408,75 62202, 31 276,45 2,29
8 28 7930 15,13 115,04 (15,00 227,56 3413,33 64241,73 282,31 2,32
g 28 8000 15,15 15,05 115,05 228,08 431, 51 60167, 89 263,86 2,33 I
10 28 8000 15,13 14,90 |15,20 225,44 3426, 64 63222,02 280, 44 2,33

i

Table 2. Crushing tests results of 0.5 % fibre at 28 days.

0 om= 276,97




—
Sample | Age 7 Weight g L T Area Yolume Load crushing Weight Vol.
No, | days gr em cim cm e em” Rg Ke/em? gr/cn?

1 28 8100 16,14 115,06 |15,10 228,01 3442,9 3 TORGT, 85 316,82 2,35
2 28 8120 15,15 115,05 115,10 228,01 3442,91 81576,80 357,78 2,36
3 28 8000 15,00 15,00 115,05 225,00 3386, 25 T2399,41 321,78 2,36
4 28 7950 15,10 (14,85 (15,00 224,24 3363,53 65261, 44 291,04 2,36
5 28 8050 15,20 115,15 |14,95 230,28 344269 74948, 65 325,47 2,34
6 28 WSO’FS J 15,20 115,10 15,0_0 229,52 3442,80 67300,86 293,22 2,35
7 28 8010 15,10 [15,10 115,05 228,01 3431,55 66281,15 290,69 2,33
8 28 8050 15,15 14,95 {15,00 226,49 3397,39 73928,98 326,41 2,37
9 28 8000 15,00 14,95 [15,15 224,25 3397,39 71379,70 318, 30 2,35
10 28 8010 15,15 115,10 114,95 228,77 3420,03 73419,12 320,93 2, 34

- agm:315,64

Table 3, Crushing tests results of 1 % fibre at 28 days.




Cylender| D T Lond e
g . tensile, max

}O - 5
{cm) {cm) Kg Kg/cem
1 15,20 29,90 11216,81 15,611
2 14,90 29,80 11216,81 15,975
3 15,10 30,00 9177, 39 12,814
4 15,20 1 30,20 10197,10 - 14,057
5 15,00 22,90 9177,39 12,941
6 15,00 30, 30 9687, 25 13,480
7 15,40 30,00 16197,10 14,237
8 15,00 30,40 11236,81 15,557
g 15,20 29 B0 DGET,ES 13,528
10 15,10 30,20 10197,10 14,143

¢

Table 4. Spiit cylender teats resulis of O % fibre at 28 days.



Cylende f T
viender ) Load Oporsinn
NO Q L B T AART v ene S W
(cm) {em) Kg Kg/cm”
] A
11 15,00 30,00 13256,23 18,630
2 ! 15,00 29,90 12746, 8 17,974
!
|
3 115,10 29,90 13256,23 18,570
]
li
n i 14,90 30,00 12726, 38 18,032
{
5 ‘ 15,00 30,30 12236, 52 17,027
6 14,90 30,20 13256, 23 18,629
7 15,20 30,10 12236, 52 16,917
8 15,10 29,80 12258,23 18,632
3 15,00 25,50 14275,94 20,130
[ 10 15,10 30,00 13256,23 18,508

Table 5. Split cylender tesis resulis of 0.5 % fibre at 28 days.



D T T
Cylender Load Otensile,max
NO @ L o ' -
2
(cm) {cm) Kg Keg/cn
1 15,10 | 29,80 15805, 51 22,216
2 15,10 | 30,00 14785, 80 20, 644
3 15,00 | 29,90 15295,65 | 21,568
4 15,10 30,20 L4245,94 | 19,800
L.
5 15,10 | 29,80 15295, 65 21,499
& 15,10 30,40 152945, 65 21,075
7 15,20 | 30,20 15805, 51 21,779
g 15,10 | 30,00 1:805,51 | 22,068
9 14,90 | 29,390 15295, 65 23,711
10 15,00 | 30,20 15295, 65 21,354
Ty = 21,371
Table f. Split eylender tests resulis of 1.0 % fibre at 28 days.
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Table 7. Flewural tests results of beam models with O % fibre at 28 days.

pean L b d Load ¢ flex, ult.
‘« P .
NG| 2
| cm i cm ke Kg/on
1 €0 15 20 2800 28
2 60 15 20 2900 25
3 60 15 20 2700 217
O, =28



2t

‘ o
Beam L. 0 d Load flex, ult.
(o]
L HO * .
P ch cm i Vo kg/cm
[

1 60 15 20 3600 36
b2 60 1% 20 3450 34,50
H

3 60 15 20 3250 32,50

Ul = 34{4-; 33

Table 8. Flexural tefts results of beam models with Q.5 % fibre at 28 days.




¢

o
Bean L b d Load flex, ult.
NO F i
i
i om em kg rg/em
1 £0 L5 20 4800 L8
2 60 15 20 4950 49,50
3 60 15 20 5000 50
BT 49,17

Table 9. Fle;cui‘al tests results of beam models with 1.0 % fibre at 28 daysSe
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. Pable 10. Theoretical and Experimental Tensile Sirength.

R OO

SRS, SO

[ p—

Steel fibre percentage 0% G,5 % 1%
g . .
ku {theoretical
- 4)5 9,0
(kg/cn”)
0., (experimental)
14,234 18,305 21,371




gL

Steel fibre percentage 7% 0,5 % 1,0 % 1,5 %
g
1
(theoretical) - 10,98 41,94 32,91
. p
(kg/en™)
43 r
1 ( AsTM
experimental } 28 34,33 49,17 54,33
2
(kg/em™)
o, (stress block
experimental) 11,59 14,19 20,28 22,40
(g /om™)
0, ( remM
experimental ) 12,00 15,20 21,60 23,60

(lcg/cmz)

Table 11. Theoretical and Experimental Flexural Strength.
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FRACTURE MECHANISMS OF CONCRETE UNDER CCMPRESSIVE LOADS *)

Dicky Rezady Munaf, Ph.D **)

ABSTRACT

The nature of pregressive crack growth in plain concrete
under compressive loads was investigated. A conceptual
model was formulated to describe crack extension at a gi-
ven stress as well as the manner in which ultimate failu-
re of concrete takes place. Compression tests were per-
formed on concrete prisms to investigate the nature of
crack growth at the macroscopic level. In addition, ana-
lytical and experimental model studies were conducted
using fracture mechanics concepts in which the behavior
of isolated cracks under compressive loads was studied.

I. Intrcducticon

Considerable research werk has been devoted to the deter-
mination of the behavior of plain concgrete under various modes of
loading. Such studies have concentrated on the strength-deforma-
tion c¢haracteristics of the material. By comparison, much less
work has been done to determine the effect of the structure of
concrete on its macroscopic behavior. Such studies have been con-
cerned with the investigation of material behavior and/or with
modeling of such behavior.

Investigators of the material behavior have bzen concarned
with the determination of indicators of the material deteriora-
ticn under load. It is generally acknowledged that concrete cracks
even before load 1s applied (1,2). Such cracking can be attributed
Lo a number of factors such as volume changes during setting and
hardening and temperature changes during hydration. Under short-
time loads, cracking increases significantly at stresses in the
order of 25-55 % Of the short-time compressive strength £_  (1,3).
One investigator has pointed out that initial cracking under load
is roughly oriented at angles close to 259 from the loading di-
rection (4). These cracks are mostly concentrated at the interfa-
ce of large aggregates {1,3). Bridging of isclated bond cracks
through mortar to form continous crack patterns starts to occur
at stresses in the order of 70-9% % of fCu {1,5). Once micro-
cracks exceed a certain minimum length they are oriented predomi-
nantly in a direction close to the direction of loading (2,3,5):
although in some tests it has been observed that inclined cracks

develeop suddenly, leading to immediate fallure (6,3).

conted at the "Joint UNPAR-ASCE Saninac® , Bandung, 18 bMay 1991
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For sustained loading it has beon found {(3,7) that for

stress levels in the order of 70~% % of f cracking never sta-

cuf
bilizes, and eventually causes failure. Similarly for cyclic loa-
ding at high stresses, cracks propagate until failure occcurs (3).

Models to simulate the observed behavier can be classified
into three general categories: lattice models (8,9,10), interfa-
cial behavior models (11,12,13,14), and fracture mechanics mo-
dels {16,15).

In the lattice models concrete is simulated by a lattice
structural system. Although some sophisticated lattice models
have had success in modeling the stress-strain behavior of con-
crete {9) thelr phvsical resemblance with concrete is very appro—.
ximate. Thejqdo aot furnish information on c¢rack growth.

Interfacial behavior models recognize the inherent weak-
ness of the aggregate-mortar interface and try to explain, on the
basis of such weakness, how progressive deterioration comes about.
In general terms they propose that the interfacial bond is broken
at a given stress level for each particular interface orientation,
depending on the existing local stresses. After the interface
tond is broken, the formation of tensile cracks follows shortly.
In some models the formetion of tensile cracks is eguated to fail-
lure, while in others it is just one step in breaking down the
system into a number of weaker, slender compression elemsnts which
eventually fail. Whereas, these models are helpful in understan-
ding the progressive formation of cracks at aggregate matrix in-
terfaces, they fail to recognize that subsequent crack growth is
governed by the stressg fields at the crack tips and that, there-
fore, special attention must be given to individual crack growth.

Fracture mechanics medels, on the other hand, emphasize
the effect of stress concentrations at crack tips. Glucklich's
work (15) has laid down the foundations for the application of
fracture mechanics to concrete. Zaitsev (16) has proposed a fai-
lure model which considers voids as the significant factor in the
mechanics of crack growth and failure of concrete and cement pas-—
te under compressive loads.

Although not directly related to concrete, some noteworthy
work on progressive crack growth in compression fields was con-

tributed by Bombolakis (18) in the field of rock mechanics.



¥

kK oand Walsih (17) analysed the effect of inclinad cracks

in rock, under the assumption that load transmission across cracks

Based upon this background information an attempt was made
to describe more closely the nature of crack propagation in con-
crete, and specifically to investigate the mechanisms by which

microcracking leads to actual failure.

II. Experimental Study of the Process of Crack Growth

Five series of plain concrete prisms, lo by lo ¢m ¢ross
section, and 3o cm high, were tested under shori-time, cyclic and

sustained compressive load histories in order to study the nature
of progressive crack growth and failure. Specimens as-cash were
tested as well as specimens from which surface layers 5 mm thick
were removed on two sides by sawing. The purpose of sawing the
surfaces was to expose the coarse aggregates.

US Type I Portland Cement was used for all test series.
For most mixes the mix proportions were 1:3.9:4.5 with a water-
cement ratio of ©.78. The average 28-day strength ©of the concrete
as determined on 15 by 30 cm dylinders was 230 kgf/cmz. Further
details of the test program can be found in {19).

Longitudinal and lateral strains were measured on two op-
posite vertical sides of the specimens. The other sides of the
prisms were used to investigate crack growth by obsefving surface
cracks using a fluorescent ink penetrant and photographic equip-
ment. This technigue 15 known as the filtered particle method.
The fluorescent ink consists of a dispersicn of fine fluorescent
particles in & fluid. The molecules of the fluid, being smaller
than a particular crack, are attracted to the interior ocf a Erack,
as a result of the increased absorption area offered by a crack.
Since the fluorescent particles are, in general, larger than the
crack width they are filtered out at the crack surface, forming
a line delination of the crack which is readily seen under ultra-
violet light. Two cameras egquipped with orange filters were used
to take pictures of the surfaces at various stages ©of loading.
The photographs covered the center third of the vertical surfaces.
To take a picture at a predetermined stress level, the strain was
held constant while the ink was applied and allowed to set for
30 seconds. The photographs were then taken and the loading resu-
med. Fig. 1 shows such photographs of a sawed surface at various

stages of lcading.



Crack patterns wers obtained by tracing the cracks direct-
1y From the picture negatives onto transparent plastic. A magni-
fying lens (8 x) was used to help in identifying the cracks. From
the tracings quantitative evaluations of the extent cf.éracking
at various stages of loading were made.

For specimens with sawed surfaces, load independent cra-
cking was mostly concentrated at aggregate interfaces. For spe-
cimens with surfaces as-cast, it was concentrated around voids
and had random orientation. Increasing the load to ©.85 fcuD
(f = short—time compressive strength of prism} caused oniy a

cup
smali increase in the extent of cracking. of which most was in-
terfacial. Further increase O0f the stress level caused a signi-
ficant increase in the extent of cracking. At 0.55 fcup’ cracking
was no longer restricted to interfaces; previocus interfacial
cracks were observed to extend into the mortar. At these late
stages of loading, the growing cracks had a marked tendency to
wrient themselves In a direction closer to the direction of loa-
ding, a tendency nol observed at earlier stages. the rate of
overall crack increase was largest when the specimens were strai-
red inle Lhe descending postion of the stress-strain curve. ror

cn
-

resses below 0.90 fo4p, in the descending portion of the curve,

Y

wide cracks were found. These cracks varied in orientation from
one test to another, but their average orientation usually digd
not deviate from the direction of applied Yoad hy more than 300,

For c¢yeclic tests on sawed specimens with a maximum stress
cf 0.85 fcup (minimum stress level~ 0), crack growth at early
stages of cycling was mostly interfacial. A considerable increase
in cracking was cobserved at stages close to failure. Wide cracks,
similar to those seen in the short-time tests, appeared immedia-
tely before failure. For sustained load tests at 0.85 fcup mortar
racking was already obsexrved at early stages of sustained loa-
ding. In addition, there was a marked increase in the extent of
cracking at late stages of loading.

The nature of crack growth for cyclic tests on sawed spe-

cimens at c.95 fc was similar to that of cyclic tests at ©.85

up

fcuo' In both cases the initial application of leoading caused

considerable cracking with some cracks extending into the mortar
phase. Close to failure crack increase was significant, and also

wide cracks developed,.



For specimens with surfaces as-gast surface crack growth under
load was relatad to volds, both with regard to new cracks and to
cthe extension ¢f existing cracks. Orientation of naﬁméracks as
well as extension of existing cracks was close to the loading di-
rection. Linking of cracks at late stages of loading was mostly
limited to cracks located along a nearly common straight line. At
failure, wide cracks of the rype previously mentioned, were ob-
served.

In Fig. 2 the relation between relative stress and total
crack length of the traced area of a short-time test is given.

The same figure shows the crack length at fallure for sustained
and cyclic tests at different maximum stress lavels,.

It was found that, in general, the macroscopic crack pat-
terns at fallure were very similar for c¢yclic, sustained, and
short-time loading. In most cases a considerable number of wide
cracks was observad in the vertical surfaces of the prisms. Most
of these cracks had an average orientation close to that of loa-
ding. For the majority of specimens, long and wide inclined cracks,
which almost invariably occurred in.pairs, were also observed
(Fig. 3}. The average orientation of such inclined cracks varied
between 20° and 30° with respect to the direction of applied load.
In some tests the wide cracks coincided with the photographed
surfaces; this provided an opportunity to observe the formation
of these cracks. For specimens with sawed surfaces, the history
could be traced back £o smaller cracks which progressively linked
to form the large and wide cracks.

These tests ascertained the existence of gracks in concre-
te before loading (1,5). They demonstrated that for short-time
tests the transition from local interface cracking to the more ex-
tensive mortar cracking occurs at stresses in the neighborhood of

0.85 to 0.95 £ Also the progressive alignment of cracks with the

cu
direction of loaélng, as loading is increased is in agreement
with other studies (3,5,2).

Although most wide cracks were vertical, almost invariably,
pairs of wide inclined cracks were found at failure. Similar ob-
servations had been reported in (3,5,6,14,15,19). What merits fur-
ther discussion is not the fact that they exist, but what makes

them come about.



The formation of wide inclined cracks immediately bhafore
or at failure suggests that failure will occur as$ soon as a con-
tinuous inclined crack surface is formed (see Fig. 3). Some in-
vestigators have tried to use theories of planes of least resis-
tance, such as Coulomb s internal friction approach, in an attempt
to explain this behavior. Others (3,6,12,15) have attributed their
existence solely to the end restraint proveded by stiff loading
platens. However, the work of Kupfer, et al (21) and Richart, et
al. {5) reinforce the writers  belief that the formation of an in-
clined failure surface is a fundamental form of failure and not
only a consequence of end restraint. Xupfer, et al (19) used spe-
cilal loading platens, which provide very little restraint, yet
they observed that major inclined cracks, at approximately 30°
to the applied load, appeared at failure for uniaxially loaded
specimens. Furthermore, failure of cement paste c¢ylinders occurs

by progressive spalling of thin vertical sheets even when they

are tested with stiff platens (Fig. 4).

III. Failure Model

On the basis of previous investigations and the observa-
tions described in the previous sections, the following concep=-
tual model of c¢rack propagation in concrete is proposed:

{a) Microcracks form initially at mortar-aggregate interfaces;
most of these cracks are inclined with respect to the direction
of locading. Under load, the interface cracks propagate into the
mortar, preferentially in the direction of the applied load. The
cracks, however, follow the weakest surfaces of the system.

{b) Progressive formation of microcracks leads to a system
composed of a large number of small concrete elements which are
separated by cracks with a predominantly vertical orientation.

(c} Failure, however, does not occur by progressive failure of
the small individual elements, but by the joining of small cracks
to form one continuous, inclined fracture surface.

This failure concept is different from Coulomb’s approach,
since it conceives failure as a conseqguence of progressive cra-

cking, while Coulomb’s approach assumes sudden failure to occur
along a given plane when a limiting shear stress is reached.

The guestion to be answered is how and under what condi-

ticns inclined fracture surfaces form from individual microcracks.

-6 -
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DI Ccracss was stediss Lo descriiio vhio

Therefore, the intouar

conditions under which small Individual crachks join to

major crack.

Iv. Model Study of the Mechanics of Crack Propagation and

Failure in a Compression Field

An analytical study was undertaken
to determine the wvalidity of the proposition that crack interac-
tion is the primary cause for the formation of inclined failure
surfaces in concrete, and to determine the conditions which may
lead to the formation of such a surface.

The analytical model consisted of inclined frictional
cracks in a homogeneous, isotropic, and linearly elastic, two-
dimensional infinite body. Here, frictional cracks are understcod
to be cracks which can transmit forces across and parallel to
their surfaces. Only straight cracks were considered. The model

is shown in Fig. 5.

Cotterell (21) proposed that a crack will propagate in the
direction which maximizes the strain energy released as a result
of crack extension. For a creckx, such as the one shown in Fig. &,
further cxtension woere Lu move along curve n = ng from O to P

It can be shown {22) that under these conditions the energy re-

leased is given by §
. o] : +_ . T
Uy = (u¥-uP) = u -u + u,-u d 1
a 7.t ) ‘f&n( aUn) T T (g EJ g )
O
where Ur:| = strain energy released upon extension from O tn P,
UP, u° = strain energy of system at P and ¢, respectively
cn’ Tin stresses that exist on OP when crack 1s at O;
Gn ¥s the axial stress normal to the n curve,
Ten is the shear stress along the same curve
+ - + - : : £ ;
(unuun), (ugwue) = the relative displacements ©f the crack

surfaces on OP when the crack is at P.

For the energy released to be a maximum the first deriva-
tive of eg. (1} must be equal to zero, and the second derivative

must be negative.



Suppose that there is a single frictional creck of length,
2c, inclined at an angle ¢ as shown in Fig. 5. The body is loa-
ded uniaxially with a stress 9. When 9y is transformed into
egquivalent boundary stresses in the planes parallel and normal

te the crack, the following stresses are obtained:
. 2
0¢ = gysin Z (2)

o¢+“/2 = olsinz(n/2+¢)

1¢,¢+"/2 = clsin¢ cos@

Since it was postulated earlier that stresses can be trans-

mitted across and parallel to the crack surface, a normal stress

u¢ and a frictional stress uo¢ will be generated at the crack.
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COMMENTS ON INTERNATIONALLY FUNDED PROGRAMS FOR
ASSISTING KABUPATENS TO CONSTRUCT, UPGRADE & MAINTAIN RURAL
ROADS THROUGHOUT INDONESIA

A PRESENTATION FOR THE JOINT UNPAR/ASCE SEMINAR ON 18 MAY 1991
AT THE UNIVERSITY OF PARAHYANGAN IN BANDUNG, WEST JAVA, INDONESIA

By Robert L. Brickner, P.E., F. ASCE
Consultant for Nippon Koei Co., Ltd. of Tokyo/
Highway Design & Construction Management Expert for Bina Marga

Introduction

Although there is a lot of Government of Indonesia {(GOIL)
construction going on that is well publicized such as the Jasa
Marga tollways, airports, hydroelectric dams, deepwater ports,
etc,, little has been said about the rather unglamorous woerk of
building local roads in the Kabupatens.

Yet, the Government realizes these roads have a great bearing on
the country’s advancement and as such a very large amount of
money is now being spent to construct, upgrade and maintain such
roads. This i1s not very well known even by we civil engineers, to
sayv nothing of the general public.

For example, does anybody in this audience have even the
slightest idea about GOI’'s Rural Roads Programs - how many
kilometers (Km) of roads, meters of bridges, amount of money,
number of consulting firms, etc. are involved?

Which GOI organizations are participating and what are their
responsibilities, which international funding agencies have
provided assistance, who 18 in charge of contreolling the work,
what is the role of the consultants, where has the work been
done, when did the Rural Roads Programs begin, what are the plans
for the future? And, for that matter, due to vast size of this
program which will be continued far inte the future, is it
possible that vou will eventually be a part of it?

Let us now learn the answers to these questions and obtain a
general understanding of G0I's Rural Roads Programs which is
having such a major bearing on Indonesia’s present and future
economic conditions as well as its basic infrastructure.

Background, Objectives & Basic Organization

Up until the late 1970’s the majority of funds for
designing/contructing roads were being wused at the
provincial/state level, with only a relatively small amount of
money being available for local (Kabupaten) roads. But, since GOI
realized that local roads contribute foremost to rural
development and secondly to a balanced distribution of national
income, it was decided to start upgrading such roads.



From this point of view, a local road development program was
introduced in the Third Five-Year Development Plan (PELITA 111,
1679/1980 to 1983/1884) as one of the main policies of the
Government. Later, the objectives for the road sector under
REPELITA IV (1984/1985-1988/14989) were insltigated and consist of
the following:

- To enhance economic development in rural areas.
-~ To provide better mobility to rural areas.

- To increase accessibility of isolated areas by the provision of
all-weather roads.

- To strengthen the capability of the Kabupaten staff to plan,
contract, construct and maintain their road networks,

- To introduce suitable technigues and work methods for the
construction and maintenance of local roads.

Now, REPELITA V (198%/19%0-1%90-1994) has further extended the
emphasis of REPELITA IV in addition to including the following
objectives:

-~ To increase the export of non-oil commodities and agricultural
products,

- To enhance tourism and home industries as a result of Kabupaten
roads network improvements.

- To Turther open up isolated areas within the Kabupatens.

Work on the Kabupaten roads was first started with the Tinancial
assistance of the IBRD, ADB & OECF funding agencies in the early
19806's, with USAID beginning its participation in the late
1980’s. These international funding agencies usually provide
about 65% of the funds needed for the work, with the balance
being furnished by GOI. -

Taking into account all of the work done on the IBRD, ADB, CECF &
USAID projects since full inception of the Rural Roads Programs
in the mid-1980's, a large amount of funds has been and will
continue to be spent on the Kabupaten reads. See Chart #1 for
Summary of Internaticnally Funded Programs for Kabupaten Roads.
The spending of about US$ 1.3 billion to construct over 114,000
km of roads and 76,000 meters of bridges is, I think yvou’ll
agree, very impressive.

And now another question comes to mind. How many Em of
Kabupaten roads exist in Indonesia today and how does this amount
compare Lo the better known State roads and Provincial roads -
does anybody wani to make a guess? It might surprise you. See
Chart =2 listing the kilowmeters of State, Provincial & Kabupatlen
roads .



As can be seen, starting in 1980 the Kabupaten roads have
increased at a much greater rate than either the Provinecial roads
or State recads, and there is already 4 times as many EKabupaten
roads as there are Provincial roads. Moreover, the number of
Kms of rural roads continues to grow at a fast rate.

The GOI organizations involved in the Rural Roads Programs are:
Ministry of Home Affairs (Directorate of Regional Development),
Ministry of Public Works (Directorate of Highways), DBappenas and
Ministry of Finance (Directorate of Budgets)., The work by these
four organizations is coordinated by a Steering Committee made up
of one senior perscen from each organization.

Implemention is the responsibility of DGRD, with technical
assistance being provided by DGH.

A Project Management Unit (PMU) has been established tc act as
GOI’s main operational/control/coordination organization.

At the Provincial level, the Governor, Bupati (Head of
Kabupaten), Bappeda I {Planning), DPUP (DGH) and Kanwil all
support the DPUKs located within the Province. The key word here
is support ~ it is the DPUK which has direct responsibility for
performing the work.

See Chart #3 to show how the Project is to be implemented. Also,
refer to Charts #4, #5, #6 & #7 for showing the organization of
DGRD, DGH, DPUP/Kanwil & DPUK, respectively.

International Consultants (civil engineers & mechanical
engineers for equipment) are being utilized to assist the GOI
organizations in Jakarta and at the Provinece/DPUK, while
Indonesian Consultants {(c¢ivil & mechanical engineers) are
assigned to assist at every DPUK. Also, 1-2 DGH engineers have
been seconded to each DPUK to act as the Chief Inspector(s).

How do a2ll of these GOI organizations, International Consultants
and Indonesian Consultants work together? It's a bit complicated
to explain so let us look at Charts #8, #9 & #10 pertaining to
implementation of the ADB 8th Road Project {Overall and at Bali &
NTB Provinces).

Rural Roads are of 2 main types: roads to have asphalt sealing,
and roads to be gravelled. Mostly this involves the upgrading of
existing roads, but there is also new constructiocn being
performed.

Other main items of work are:; bridges, raising of grade to
prevent innundation during flooding, drainage ditches, culverts
and slope protection.



I111. Feasibility Study

As vou may well know, almost no road project is undertaken without a
feasibility study having been made. This is necessary to determine
what the existing condition is, what the estimated future traffic
is, what work items should (and should not) be included, how long it
will take to perform the worlk, what the design parameters are, what
type of equipment will be needed and of course the big question of
what the estimated costs are for each main activity of the project.

In order to give you an idea about how feasibiliity studies are now
being conducted, the following data is offered. It 1s based on the
Overseas Economic Cooperation Fund of Japan’s {(OECF) Feasibility
Study for the local Road Development Project I1 at 39 Kabupatens in
10 Provinces (specifically for Tabalong Kabupaten at Kalimantan
Selatan Province). There are several interesting facts/figures
pertaining to what one can expect to find in a rather typical
Kabupaten far away from the main areas of Sumatra, Java & Bali.

1. General Items for a Typical Road Feasibility Study

A. Topographic and Meteorological Conditions {94 rainy days
totalling 1,947 mm of rainfall}.

B. Socio - Economic Conditions
1) Population Study
?2) Use of Productive Land (20% of total of 394,600 ha)

a) Agricultural Harvest Area {(ha of paddy field, ha of
plantation, etc.) '

b) Residential & Industrial Areas
c) Open Space
3) Agriculture Production (cultivated area and food crops)
43} Other Economic Activities (forestry, fishing, etc.)
C. Present Status of Kabupaten Roads
1) Outline of Road Networks
2) Road Inventory {434 Em)
a) Density (1.10 m per ha}

o/

b) Existing Type of Road Surface (zsphalt 7%; gravel,
Telford, & macadam 25%; and earth ©8%

¢} Findings of Surface Condition ¢f Roads [Kabupaten and
Province compared to Javae & Indenesia as a whole).,

1Y



ITtem Good Fair Poor Bad

Kabupaten Tabalong 16% 13% 4 1% 30%

Kalimantan Selatan 26% 34% 31% 9%
Java Island 16% 30% 19% 5%
Indonesia 43% 22% 21% 14%

As can be seen, there are about twice as many poor roads
and sgix bLimes as many bad reoads in Tabalong Kabupaten
in comparison to Java Island.

d) Terrain Conditions of Roads (flat 49%, hilly Z24%,
mountainous 21% & swampy 6%)

3} Bridge Inventory {(timber 986%, concrete 1%, steel 3%)

1} Average Daily Traffic Counts {(cars 7%, buses 1%, trucks 12%
& motorbikes 80%)

Postimate of Future Traffic Volume & Benefits

A, Traffic Growth Rate {(determined by economic Tformula based on
growth rates of population, agriculture & GDP/Capita)

B. Benefit Hstimabtion Method (based on vehicle operation cost)
A, Design Criteria
1) Geometric Design Criteria
This is based on DGH’s Petunjuk Teknis Inpres Penunjangan
Jalan Kabupaten, Tahun 1984 - 1885). It is also based on
Road Classification (IIIA, ITIB-1, IIIB-2 & 1IIC), Surface
Tyvpe, Traffic Volume & Terrain.
Note: The average design width of road i1is 3.5m to 6.0 m
plus 1.0 to 2.0 m shoulders, depending on road
classification and type of terrain.
2) Loading Specifications for Bridges
These are established by DGH. The design live load for
bridges on Kabupaten roads is 50-70% of the the DGH 1live
load.

B. Pavement Design

1} Design Conditions



a) Design Traffic Volume

There are four main ranges of traffic volume (1-49, 50-
200, 2061-500 & 500-3000 vehicles/day)

b} CBR Strength of Roadbed
This is normally based on a CBR that is in the range of
4 - 10%, but actually it should be determined in the
field as this is a most important design item.
Z) Pavement Structure (depends on Road Classification)
a} Surface {(Lapen - 5cm, DBST - 5cm or SBST - 3om)
) Base Course {crusher run rock with filler)
¢) Subbase Course (sandy gravel)
Design of Bridges & Other Structures
1) Standard Bridge {based on DGH Standards)
a) Superstiructure
b) Subsiructure
¢) Foundation (based on soil borings)
2) Culverts
2) Reinforced Concrete Pipe (0.80 m diameter)
) Bowx (stone & mortar walls with reinforced concrete slab)
3) Retaining Walls
a) Stone and mortar
b) Timber
4} Ditches
a} Lined (Trapezoidal-shaped consisting of stone and mortar)
) Unlined (Vee-shaped)

Considerations for Selection of Types of Equipment

1) ¥hether the work is of an equipment intensive type
{earthwork, base course & subbase coursel), or a labor
intensive type (surface, rainage, bridges, culverts &

retaining walis)

2} Most of egquipment will be used for road construction



3) Narrow pavement width will restrict the size of equipment
4} Uniformity of equipment is imporitant

5) Rely more on wheeled equipment for ease of movement
DPUK Workshop

1) Administration for and storage of equipment

2} Routine Maintenance and light repair of equipment
3) Storage and supply of spare parts

4} Operation of equipment

3) Type of workshop equipment and toocls needed
Laboratory & Surveying

1} Laboratory Equipment

a) S50il Molsture Test Set

b) Liquid Limit Set

c) Plastic Limit Set

d} Compaction Set

e} CBR Laboratory Set, Mechanical
) Sand Density Apparatus

g) Aggregate Test Sieve Set

h} Portable Cone Penetrometer

i} Compression Testing Machine for Concrete Moulds
J)} Cylinder Mould

k) Slump Test Apparatus

2) Surveying Equipment

a) Transit
b} Level
c} Tapes
d) Rods
e) Compass

4, Construction & Maintenance Cost FEstimations

A

B.

Determination of Unit Prices {(Labor, Materials & Equipment)

Determination of Unit Construction Cosis by Work Type
{clearing, subgrade, fi1ll, subbase cocurse, base course,
asphalt, shoulders, bridges, culverts, etc.)

Determination of Routine Maintenance Cost per Km for Type of
Road (earth, gravel or asphalt)



5. Resulis of Economic Feasibility Evaluation

A. Preliminary Screening {delete unfeasible roads)

B. Evaluation of Accumulated Data to make Analysis
1) Primary Analysis (Internal Rate of Return is to be over 12%)
2} Secondary Analysis (consider roads having an IRR of 8 - 12%)
3} Ranking of Feasible Links

&. ITmplementatipnProgram

A. Tstimated Project Costs

Once all of the collected data has been evaluated, the total
estimated project cost can be determined for each main type of
work. These cost have ito be divided in to a foreign portion
and local currency portion per the following example:

Foreign Local Total
Type of Work currency currency Est. Cost
Construction
Maintenance
Workshop Equipment & Tools
Laboratery Equipment
Survey Equipment

B. Proposed Roads to be Worked On

After all of the costis have been determined, the roads to be
worked on will be selected and listed as follows:

a) Roads to be Improved (link number, length of km, width in
m, type of surface, length of bridges if applicable and
estimated cost)

b} Roads to be Maintained (by link number and estimated cost)}

The preparation of the feasibility studies for the Rural Road
Programs have been done by international consultants in association
with Indeonesian consulting firms and usually take about 12-18 months
to complete. Once a study is submitted to GOI and the funding
agency, a decision is made about what to do and & loan is signed.
This opens Lhe way to start the Implementation Phase of the project,
which will now be discussed.



IV, Implementation Phase

1. Tyvpical Project Scope (on-going OECF Program in 30 Kabupatens)
¥T i ¥ I

2.

A, Civil Works

Iy Improvement of selected primary Kabupaten roads,
including upgrading of existing road pavement,bridges,
drainage strucitures etc., and the construction of
additional kabupaten roads. The work should be done on
a tender basis {loczal competitive bidding).

2} Maintenance of selected Kabupaten roads (depending on
the type of Program).

B. Supplementary Procurement of Equipment
1} Procurement of maintenance eqguipment, spare parts and
other equipment required for the implementation of the

civil works.

2) Procurement of laboratory & survey equipment for each
DPUK.,

C. Consulting Services
1) To provide technical assistance and support for DPUK
staff concerning the design, DURP/tender and supervisory
services of the improvement works to be done by the

contractors.

2} To provide advisory services for operating and
maintaining equipment by DPUK operators and mechanics.

3) To provide overseas training for DPUK and Bina Marga
technical and management staff (depending on the type of
the Program). '

General Nature of Consulting Services Required

See Charts #11 & #12 listing responsibilities and basic
organization for on-going OECF Program.

Detailed Scope of Consulting Services Required

See Charts #13, #14 & #15 listing duties of typical Core Team,
Sub Teams & Supervisory Teams for on-going OECF Program.

Staffing Schedule

See Charts 416 & #17 showing typical numbers of expatriates
and local consultants, and period of main work activities.

WO



5. Procure Equipment Tor DPUK Workshops & Laboratories.

See Charts #18 & #19 showing typical equipment delivery {low
and types of equipment.

6. Establish Standard Specifications by Consultants {(based on
existing IGH Standards}.

=~}

Field Engineering Investigation & Survey

Determination of CBR for subgrade
Soils & materials testing
Drainage systems

Borrow pits/quarry sites

Basic surveys.

Do oW

8. Design Activities

A. Degign Criteria (see Chart #20 listing standard design
criteria for Kabupaten roads)

B. Standard Road Cross Sections (see Chart 221 showing typical
cross sections for each class of road)

C. Roads

The design class for a local road is based on the projected
number of single axle loads per traffic lane over a 10-year
life as well as the CBR of the subgrade. Data relating to
the types of surface and roadbed are described as follows:

1) Tvpe of Surface

The type of surface is be based on the average daily
traftic {ADT) projecied in 5 years and the Hoad
Classification (ITIA, IIIB-1, IIIB-2 & II1IIC). This
consists of two types of surfaces listed below:

a) Base course material {(well graded, crushed rock with
filler) is usually used for traffic up to 200
vehicles per day (vpd)

b) SBST/DBST/Penetration Macadam for traffic over 200
vepd; however, it should be pointed out that hot-mixed
asphalt surface can be used in special cases when
justified by means of an Economic Internal Rate of
Return (EIRRE} Study

Note: Based on my experience, it is better to keep
the base course type of surface to a minimum and
instead place an inexpensive asphalt seal on roads
having an ADT of 50-200 wvpd. Moreover, steep grades
in mountinous/hilly areas should always be sealed.
Lven though this will cost a 1ittle more at the time,
in the long run it will save a lot of monev.
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2) Type of Roadbed

a) Good conditions are considered to be present when the
CBR of the subgrade is over 24%. This will require
only 10-20 Cm of base course being placed (no
subbase}, depending on the design class

b) Fairly g¢ood conditions if the CBR is 8% to 21%
{requires 10-20 Cm of base course plus a minimum of
10 Cm of subbase)

¢) Weak conditions if the CBR is 5% to 7% {requires 10-
20 Cm of base course plus 15-20 Cm of subbase)

d) Peoor conditions 1if the CBR is 3% to 4% (requires 10-
20 Cm of compacted embankment ftill plus subbase and
base)

e} Very poor conditions if the CBR is 1.5% to 2%

(requires 30-50 Cm of compacted embankment fill plus
subbase and base}.

Note: Specific thicknesses of base, subbase and
embankment fill depend on the design class {number of
Single Axle Loads per traffic lane projected over 10-
year perilcd).
D. Bridges

1) Reinforced concrete type will follow DGH standards;
however, when necessary core borings must be taken to
determine what type of foundation is required.

2) Timber type (see Chart #22 showing typical cross
section) .

E. Culverts (see Chart #23 showing typical cross sections)

1) Stone and mortar with reinforced concrete slab (minimum
80 cm ¥ 80 cm}

2) Reinforced Concrete Pipe (minimum 80 Cm in diameter)

F. Retaining Walls (see Chart #24 showing typical cross
sections)

1) Timber
2) Stone & mortar
9, Prequalification of Contractors

A. Contractors within the Province are classified in a booklet
prepared by the Governor’s office called the DRM.

1



10.

11,

Classifications range from A {large contractors}, to B-1 &
B-Z2 (medium contractors), to -1, €~2 & C-3 (small
contractors}.

B. (lassifications are based on the contractor’s record of
accomplishments over the last several vears, financial
strength, type/condition of equipment, qualifications of
supervisory personnel, total yvears experience, etc.

C. Contracts over Rp 500 million are to be done by Class A
contractors, contracts in the range of Rp 300-499 million
are 1o be done by Class B~1 contractors, contracts in the
range of Rp 200-2%89 million to be done by Class B-2
contractors, etc.

D. Close attention must be paid to pregualification of
contractors as it is the contractor who most alwayvs
determines whether the project will be implemented properly
or poorly.

Tendering/Awarding

A. Issue of tender documents to prequalified contractors
{(tendering forms, design drawings, bill of materials,
conditions of contract, specifications, required equipment,
schedule, etc.).

B. Usually about 2-4 weeks are allowed Tor tender meetings,
site investigation, tender preparation and tender opening.

C. Tender evaluation is performed by the DPUK Tendering
Committee and the prospective awardee lg announced.

. Approval of award is made by the DPUK Kepala, Kabupaten
Bupati, Provincial Governor or in Jakarta depending on the
amount of award. The Bupalti can approve awarding contracts
up to Rp 200 million and the Governor can approve awarding
contracts of Rp 200-500 million, while the Ministry of Home
Affairs has to approve awards over Rp 500 million.

E. The design and tendering activities should be done during
the rainy season so the award can be made about the time
the dry season is beginning.

Construction Stage

The construction stage of any project is the one which will
have the greatest effect on it and will either result in the
roads being built correctly or not. There are many issues to
discuss pertaining to this but time limitation requires only
the following salient points to be brought out:

(Note that during this part of the presentation, color slides

will be shown to give you an idea of the type of construction
practices now going on in the field).
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Geneval

As mentioned before, the most important thing in getting a
well run project is to have a good contractor. Tow often,
a contractor is awarded a project but when it comes time to
perform he does not have experienced supervisors, is short
of suitable equipment and does not understand the necessity

of quality control. That is why it 1is neccessary to
eliminate such types of contractors by means of the
prequalification process. Certainly very close attention

should be paid to this.
Pre-Construction Meeting

Thizs must be held to discuss all key items pertaining to
the project, to make it clear what will be required, to
explain how offical communications will be handled, to
clarify the payment procedure, to emphasize quality control
and to answer all of the contractor’s questions. If this
is not done, it’s probable things will get off to a bad
start and then stay that way.

Contractor’s Key Personnel

It is essential that the contractor provides a capable
project manager, site superintendent and chief mechanic., If
a bridge is included in the contract the contractor must
also have an experienced bridge foreman. Close contact
is to be maintained with these people as they are the ones
who will either get the work done properly or will allow
problems to arise.

Types of Required Equipment

This will depend on the size of the project and terrain,
but for an idea as to what equipment is desirable, refer to
Chart #25. One of the biggest problems in constructing
Kabupaten roads is the contractor’s shortage of equipment.

Types of Materials

The maln types of materials for the road are the subbase
course, base course and asphalt pavement. See Chart #26
for a description of such materials. The DGH standard
specifications for these materials is not difficult to meet
and the contractor can do it - if he is required to. There
have been some reported cases of shortages of asphalt and
portland cement, but for the most part this has not been
too big of a problem.

Supervigion of Constructicn

This is where the maximum effort is needed by all parties.
If it is not properly handled, one can be sure of low grade
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or even unsatisfactory end results which will cost the
Government a lot of money and cause inconvenience to the
public.

1)

]

4)

(o]

Inspection System

Fach DPUR has 1-2 DGH engineers assigned to it who will
act as Chief Inspeclors. Also, every project will have
at least one full~-time inspeclor at the field site for
each 5 Km of road. These are the people who must
require the contractor to follow the specifications.

Laboratory Testing

All DPUKs are provided with a fully equipped laboratory
and at least 4 laboratory technicians with access to a
vehicle., Many types of testis for roads can be performed
but the most important ones are for the CBR, Gradation
and Density.

Consultant’s Activities

There is one Highway Design & Construction Engineer
assigned by the Consultants te each DPUK who is to give
overall guidance. One of his main jobs is to make field
inspections during the constructicon phase to spot-check
on the quality of the work being performed. In addition,
there are 1~2 consultants at each provincial capital who
are also required to make field trips to check on the
guality of the work and provide guidance,

Contractor's Supervisors

Ag discussed earlier, these are the people who will
actually either make or break the guality controcl
program. That is why the DPUK and Censultants must make
sure the contractor’s supervisors understand the
importance of guality control, and that the contractor’s
work will not be certified {or paid) if it does not
comply with the specifications. Generally speaking, the
contractor’s supervisors will do the work properly if
they are so required; otherwise, it often will not be
done,

Construction Procedures

The DPUK/Consultants are to assist the contractor to
prepare construction procedures for each main work

activity - then to ensure that the [ield supervisors
and inspectors have copies of the procedures and that
they are being fTollowed. This will be of significant

assistance in having the specifications met.
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Construction  Schedule

Usually, the contractor will fall behind scheduls but this
can be controlied 1f the DGH Chief Inspectors and
Consul tants are aware of what ig happening and inform the
contractor what he can do to overcome the problem,

If a contractor falls more than 13% behind schedule, weelklsy
meetings are to be held for the purpose of praventing
further delavs, and the contractor will be required o
gubmit a schedule

e show his planned activiitiss for
week, 1T the contractor falls even fturther behind schedule,
Ltermination of the coniract can be considered, but frankl:
speaking once @ conbract has been awarded it is diificul:

H

to terminate 11,

12, Contractor’s Payments

A

@]

The contractor is wusually paid for each time he
accomplishes about 25% of the work, with a certain amount
being withheld to take care of any advance payment {(20%)
that may have been made. This means he will be paid about
4-5 times over the course of the contract’s period which
normally varies between 5-8 months,

The DPUXK Chief inspector and Ccnsultant’s engieneer
assigned to the DPUK are to recommend whether or not a
payment certificate (SPPP) 1s to be approved by the DPUK
Pimpro. Ornce they have signed the SPPP, this means thew
are certifying that the work to be paid for meets the
specifications.

So, this is a most important step and has to be taken
seriously by all concerned, There have been some cases of
Chief Inspectors signing a SPPP when the work does not
comply with the specificatlons and this can result is a big
problem later. '

The approved S5PPPs are then processed for payment. All
payments are pre-~financed by GOI, with the international
funding agency reimbursing the Ministry of Finance (MOF}
later after the work has been completed and certified. The
GOI portion of the payment {usually 33%) can be directly
paid to the contractor at the Provines, but the
internationally funded part is often paid to the contractor
at Jakarta by the MOF through the Bank of Indonesia. See
Chart #27 showing details on how the GCI portion is paid.

The Consultant’s expatriate Highway Design & Construction
Specialist (HDCS) at each Province is normally required to
sign the last SPPP at the time of the Final Hand Over
Inspection (FHO). By then, it is almost too late for him
to observe any hidden defects, so this i3 why the DGH Chief
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Inspectors and HDCE must have required the contractor to
have done the work properly throughout the entire
construction period.

13. Aceptance of Completed Road

Al

B

When the contractor completes 97% of the work, the DPUXK
will hold a Provisional Hand Over Inspection (PHO) and
reguire that all observed deficiencies be corrected.

When 100% of the work has been done and the observed
deficlencles have been correcied, the FHO Inspection will
be held. Persons making the inspecition will include the
DPUE Repala, DPUK Pimpro, DGH Chief Inspector, Consultant®s
HDCS, Consultant’s HDCE and contractor’s key staff.

Also, the Habupaten’s BPP Committee will participate in the
FHO Inspection. The DPUK/Consulitants will certify the
completed work from a technical viewpoint, while the BPP
Committee will offically accept it on behalf of GOI.

Once the DPUK/Consultants have certified the completed
project and the BPP Committee has accepted it, the
Consultant’s Team Leader can include the amount for payment
{by the international funding agenay) on a Withdrawl
Application. This document is senl to the international
funding agency’s home office thereby authorizing it to
reimburse the Ministry of Finance for the money +that MOF
has already paid to the contractor.

Note: The entire process for paying the contractors (by
pre-Tinancing) up through the international funding agency
reimbursing the Ministry of Finance is quite complicated,
as can be seen 1s Chart #28,

14. Maintenance

Al

B.

Maintenance by the Contractor

The contractor is required to maintain the completed road,
but only for one month. After this, the DPUK will perform
the two basic types of reguired maintenance - routine and
periodic (see Chart #29}.

Routine Maintenance

This involves work that is programmed in advance and
performed by the DPUK in accordance with the established
program. Much of it is labor intensive.

Periodic Maintenance

This type of work is more expensive and tfime consumming.

It is performed when needed and requires availability of
materials and equipment.
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D, Financing & Performing Maintenance

Maintenance work iz expensive and there are very limited
funds available for doing it, but GOI realizes the
importance of it and i1ig taking steps to 1mprove the
situation.

One of the reascns the malntenance activities by the DPUKs
have not been so successful is because there igs a tendency
for the supervisors to concentrate their efforts on other
matters, This is to say nothing about it being difficult
to centrol the expenditures for maintenance wori. GOI will
have to continue to try to get better results on the
maintenance of the rural roads, both existing and those now
being completed.

153. Monitoring of the Project
A. Project Management Unit (PMU)

The PMU has overall contreol of monitoring the project and
is required to keep all of the involved organizations
informed on what is happening.

B. Coordination Meetings

Depending on the project, monthly/bi-monthly or periodic
meetings are held in Jakarta and/or the provincial
capitals. These are attended by Bappenas, DGRD, DGH, MOF,
PMU and the Consultant’s Team Leaders, The important
aspects of the project are throughly discussed and
decigions are made on how to overcome problems.

C., International Funding Agency Inspections

The international funding agencilies send missions to
Indonesia about every 4-6 months to visit the project
sites, coordinate with the involved GOI
organizations/Consultants and offer guidance concerning
rertinent matters.

All of the main aspects of the Rural Road Programs have now been
discussed, so I will now make my concluding remarks.

V. Conclusion

You now know a lot more about what GCI is trying to accomplish on
the major Rural Roads Programs being performed throughout
Indonesia, and what has been done to have these programs be

properly implemented.
»
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With an estimated US$ 1.3 billion having already been
spent./programmed to build over 114,000 Km of roads and 76,000
meters of bridges, nobody will doubt that GOIl’s Rural Roads
Program is one of the largest and most important endeavors now
being undertaken. And, who is 1o say what will be accomplished
throughout the rest of this decade (century).

Since so0 much effort has previously been expended with good
results on the higher profile projects such as provincial roeoads,
dams, alirports and other infrastructure items, emphasis c¢an now be
placed on upgrading the Kabupaten road networks. Considering that
the majority of Indonesians are located in the rural areas, this
iz perhaps one of the best uses of infrastructure funding as it
will have such a direct and i1mmediate effect on these people’s
daily lives.

During this presentation, you have seen color slides showing the
conditions of the Kabupaten roads before being upgraded and after.
In this regard, I suggest that you try to picture yourself not as
residing in a city, but rather living in a remote rural area
located far away from even a provincial level road and what
probiems/hardship this will cause for you, your family and village
neighbors. Then reach a decision as to how important this program
is., I think there can be only one conclusion - 1t is absolutely
the thing to do. Or, as my fellow countrymen say about such a
situation which is being properly done and is having most positive
results - Right On!

It is necessary to point out that the information I have passed on
today is only of a general nature that has been arrived at as a
result of my involvement in the ADB 8th Road Project and making
many Lrips to the Jjobsite areas over the lagt four years - none of
it is {rom official sources. Moreover, it is possible that there
may be errors in some of the figures I have refered to; however,
for the most part I believe the data presents a rather accurate
view of what is currently being done to upgrade rural roads in
Indonesia.

Finally, let me add that having been a civil engineer for 35
vears, I have participated in many large and interesting projects
throughout most parts of the so-called free world both in the
military and in civilion life. In this regard, 1 very much like
the fact T have been zble to help build things that are of use to
the public, but 1 have never been more satisfied to have been able
to participate in an undertaking like this which has been of such
benefit to the common man who is living in areas that can only be
reached by rural roads. I am glad 1 have had the opportunity to
have been a2 part of GOI’s Rural Road Programs, especially in a
country which has so many nice people and such bright prospects
for the future.

Thank vou most kindly for wour attention. If there are any
guestions, please do not hesitate tc ask them.
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GE?

NERAL NATURE OF CONSULTINT ZERYICES REQUIRED

CONSULTING ENGINEERING AND SUPERVISORY SERVICES

o

[¥S)

To assist Provincial Fux.ic Works Departments (DPUPa) in
their monitoring and supzsrt of the Kabupaten Public Works
Departments (DPUKs) who =ill implement the Civil Works,

The Consultant's staff %¢c o this will consist of one Core
Team, eight Sub teams, ari thirty nine Bupervisory Teams,

To prepare standards and zznuals for design, tendering, and
supervision of the works.

To assist and support DELY ztafl to execute the project 1in
their Kabupa.tens, and to control the Supervigory Teans,

4. To supervise constructiocn in coaperation with DPUK staff,

5. To implement appropriate zomputerised project managenent
and data processing methcds and procedures relevant to  the
Project.

6. To conduct required coordization between agencies involved
in monitoring the project urogress.

,i.‘.:r' Civil works from the Loca!l Road Devalopment Project {II)

:ried over ilnto the 1991/1532 fiscal vear are included 1'1 the

z=ove works,

CINSULTING ADVISORY AND TRAINING SERVICES

To vprepare text and training materials, in English and
Indornesian languages. v

To  conduct technical advisory services and training
servises for DPUK operators and mechanics through the on-
job training in cooperation with Bina Marga’s Education and
Training Project Teanm [DIRLAT Bina Marga), Three training
teams will be involved. -

To conducl the on~the-job training for Indonesian Asscciate
Consullants and BPUK starf through the routine work of
contract administration, project management, design and
supervision, g

To conduct overseas training for fifteen DPUK a&nd Bina
Marga technical and management staff in the fields of
project management and adainistration, and local road and
contruction maintenance, The training will be for one

menth, and training will be carried out probably in Yapan
ar Talwan.

perpust?kaan
:\f{\,ngd




CONSULTANT'S ORGANISATION
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DETATLED SCOPE OF CONSULTING SERVICES REQUIRED

CORE TRAHM

-1

i0.

11.

project

P
-

Review, manage, and coordinate overa
implementation.

Provide a computerised program f{or c¢onsultants invoice,
work sheet cost analvsils.

Provide a computerised program for tender document or
DURP including bill of gquantity etc.

Prepara general guidlines, implementation schedule,
standard tender document, report formats, technical manual
and texts for Kabupaten guidlines and training services, in
English and Indonesian languages .

Prapare and implement appropriate programme computerised
project management and data processing methods covering
such areas as

- Zchedul ing

- Cost Control

- Road Inventory
-~ Reporting

- Couwmcnications

Coordinate with concerned agencies to smooth project
implementation.

Assist in the supplementary procurement of maintenance
equipment.

Control and assist the Sub Teams and Training Teams.
Compile report from the Sub Teasns.

Report overal project implementation in the Monthly Progres
Meeting in Bina Marga,

Coordinate with the Sub Directorate of Local Road in the
Western, Central and Eastern Regional of Directorate
Implementation of DHG, to smooth Project Implementation5



SUB TEAMS

i.b Team are under coordinazion of DPUP/PBPJIK.

(3]

(%]

e

[T

Review, and ccordilnate the project at the Provincial level
{DPUP/PRPJK, Bangda I anc Bappeda I}.

Prepare schedules and reports after approvel from
DPUP/PBPJIK.

Implement computerised project management and data
processing methods approsriate to Province~level tasks.

Assist and support DPUP/PBPJK and DPUK staff to carry out
all detailed scope of con services. :

Check and approve f{inished designs against actual field
conditions.

Record and report work revisions in a monthly progress
report.

Assist DPUK to prepare tender documents.

Coordinate with concerned Provincial agencies to smooth
project implementation (DPUP/PBPJK,Bangda ] and Bappeda I).

Assist and approve DPUR in contract procurement for both
improvement and malntenance works.

Contrel and assist the Supervisory Teams.

Assist the Training ’E‘_eams as required.

Supervisrs and compile regorts frem the Supervisory Teanms,
At.lend monthly progressﬁeef.iﬁg ri_n -Ja‘ka'r'ta. -

Monthly for Sub Tean Leader.
Bemonthly for co-Subteam Leader



SUPERVISORY TEAMS

Supervisory team are under coordination of DFLK

10.

11,

12,

Assist DPUR staff and contractors fo carry out construction
spoothly and properly.

Assist and support DPUK staff to carry out detalled design
and Tender Document/DLRP.

Approve detailed design and tender document/DURP.

Assist and support DPUY to conduct tests related to quality
control procedure,

Certify Contractor’s Progregs based on the result of the
laboratories test

Certify SPIRK (Monthly Certificate) and advance payment.
Recommend and report on problems and progress.

Assist DPUK staff in negotiating with contractors on any
price on any price or rate change for which the need may
arise, and make recoamendations on these as nmay he
necessary.

Assist the Training. Teazs as required.

Prepare Monthly Progrees Report, Certificates of payment
Quartely Report, and other necessary reports ag instructed
by the Sub Teams.

Attend monthly progress meetings in the provincial office,

Conduct on the job training for DPUK laboratorses covering
the use and maintenance laboratories eguipment.



sro ject impiementation schedule g snown In figure 5.1,
The estimated total man-months four this  consultancy
services 15 4,410 M/M (Expatriate 204 M/M Local 4,206 M/M)

The required assigments &are as follcow :

CORE TEAM ( 1 huwmber )

Team Lealer

Co-Team Lealder

Systems Analyst

Highway Engineer
Documentation Specialist
Training Coord.

Assistant Systems Analyst
Senior Quantity Technician
Cffice Suppoart Staff

SUB~TEAM (8 Number)

Sub-Team Leader

Co-Sub Team Leader

Highway Engineer

Assistant SPstems Analyst
Senior Quantity Technician
Qffice Support Staff

SUPERVISION TEAMS (3% Number)

Civil Engineer

Senior Guantity Technician (A)
Senior Quantity Technician (B)
Office Support Staff

TRAINING TEAMS (3 Number)
¥echaniz:s onoincer
¥echanicsl Dngvegel
¥zinanicz) Trainer

(Es«patriate)
{indonesian)
(Expatriate)
(Expatriate)
{Expatriate)
(Expatriate)
(I-donesian)
{I-~donesian)
{Indonesian)

{Z«catriate)
(I~donesian)
(Indonesian)

Indonesian)
{Indonesian)
{I~donesian)

{I-Zonesian)
(Irdonesian)
{Indonesian)
{Irdonesian)

{Z.-atriate)
{I-3Jonesian)
{I~z2onesian}



PROJECT IMPLEMENTATION SCHEDULE

ACTIVITY

1891

‘1993

Civit WORKS

Tender Document Preparation
eondening

Coansliucin

FQUIPMENT PROCUREMENT

Tendenng

Equipment lastaliation

CONSULTING SERVICES

.

Consultant Selection

Conswting Services

¢

D

J

F RM

I

MIJ




PRCFOSED QRCANIZATION

Bupati

<

Chief

BPUK

Project Manager

i

Ministry of Home Affairs | Coordination iMinistry of Public Works
: / Bangda / Bina Marga
|
N Regional Public Works
Governor “i% (Kantor Wilayah)
N
N
x>
X
N
X

Equipment
Coordinator

Road
Section

Site Manager

Administration

l

Coordinater

Workshop

Administration

] [

.

Maintenance

Road/Bridge

Planning

laboratory

Road/Bridge
Road /Bx $ and Repair
Construction f rquip-
Maintznance| ||and ot Equlip
ment

.|

Operation |

“and

Material

Equipment delivery flow

New position/subsection



LABCRATORY TEST EGUIPMENT

DESCRIPTION QUANTITY

£y At N
i DA

Liquid Limit Setr {JI

Plastic Limit Set (JIS A1206)

o

Compaction Set (JIS 41210)

F

CBR Laboratory Set, Mechanical {JIS Al211)

—

Sand Density Apparatus (JIS ALZ14}

Aggregate Tegt Sieve Set

e et

Portable Cone Penetrometer

fo]

Compression & Bending'Test Machine
Cyvlinder Mould (JIS all32, 1108)
Slump Test Apparatus (JIS A1lQL)

(2SN e ]

To conduct the surveys necessary for voad and structure consctruction
such as centering, profile leveling, c¢ross section_leveling ete.,

the surveying equipment listed in Table 3-5-3 recommended.

SURVEYING EQUIPMENT

DESCRLITLON GQUANT I'TY
Transit 1
Level 1

Staflf ‘ 3




CHALT .f’; .

DESIGN CRITERIA FOR KABUPATEN ROADS
ROAD CLASSIFICATIOR CLASS I11 A CLASS TIT B-1 CLASS TI1 B-2 cLass 11l ¢
SURFACE TYPE ASPHALT SEAL (DOUBLE) | ASPHALT SEAL (SINGLE) GRAVEL GRAVEL
TRAFFIC VOLUME . ADT
{Forecast 10 th year average 3000 - 500 500 - 200 200 - 350 50
per day)
FLAT TO MOUNT- [FLAT TO MOUNT- |FLAT TO HMOUNT- [FLAT TO - MO
TERRATN roLLing | LY laynous [rotiing | Y atnous |roriing| MMEY faimous |rorrrwe [PFMRT ki
TRAFFIC LANES 1+ i+ i+ 1+ 1+ 1+ 1+ 1+ 1+ 1 i !
DES TGN DESTRABLE 70, 60 40 70 40 30 60 - 40 30 50 0 |
- (Km/hr) Y SOOI SV
SPEED MINIHUM 30 30 30 30 30 AS FRacTt 30 30 as PRACTI- 20 a5 PROCTICAHL
GRADIENT DESIRABLE 4 S 8 4 6 8 4 7 8 5 | 8 |
oy
(mrTmve) o) | maxnm 7 7 10 7 8 10 7 9 12 7] 12|
PAVEMENT a0 DESIRABLE 6.0 6.0 6.0 4.5 4.5 4.5 6.3 4.5 4.5 3.5 | 3.5 03
gl MINIMUM 4.5 4.5 | 4.5 3.5 3.5 ] 3.5 3.5 3.5 1.5 3.0 | v D)
' SHOULDER " pestrasLE | 2.0 1.5 | 1.5 1.5 1.5 1.0 1.5 1.0 1.0 1.0 | 1.0 | 0
WIDTH MINIMUH 1.5 1.0 | 0.75 1.0 1.0 0.75 1.0 0.75] 0.5 0.75 1 0.5 | @
ROAD BED  (,y | DESIRABLE |10.0 9.0 | 9. 8.0 7.5 | 6.5 7.5 6.5 6.5 5.5 [ 3.5 | 3
WIDTH MINTMUM 6.0 6.0 | 6. 5.5 5.5 | 5.0 5.5 5.0 | 4.5 6.5 | w0 | oa
RIGHT (M) DESIRABLE 16 12 12 12
OF WAY MINIMUM 12 10 10 8
ROAD () PAVEMENT 3 3 4 &
| CAMBER  SHOULDER 4 4 .
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STANDARD ROAD CROSS SECTIONS

CLASS il A : CLASS I 8-2
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STANDARD CULVERTS

80 x 80 RUBBLE IN MORTAR BOX CULVERTS

‘._3'0 3 30 o 0 i
] L
oot
REINFORCED CONCRETE SLAH 3
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) i
ois

8

201 i
B8O
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20|
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50
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¥

EXCAVATION FACE

REINFORCED CONCRETE PIPE CULVERT

REPLACEMENT [SAND)

253 100 ‘ 23




STANDARD RETAINING WALLS

TIMBER RETAINING WALL
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EQUIPMENT

OF ONE
TYPES OF

WORK SANG
WORX

FOR

MAJCR

TYPE OF WORK

ZQUIPMENT REQUIRED

L.

2.

Site Clearing in Light
Bush

Excavation & EZmbankment

i} Normal Fill
ii) Fill by Borrow
Material
iii) Fill in Swamp
iv} Excavation to
Spoil
Subgrade Preparation

Subbase Course

Base Course

Cement Stabilizing

Surface Course

Concrete

Bulldozer 90 HP
Dump Truck 3.J Ton

Bulldozer 90
Vibratory Roller 4.0

£33

Ton (D&T)

Bulldozer S0 HP

Dump Truck 3.2 Ton

Swamp Bulldozer 90 HP
Water Tank Truck

4,000 Ltr

Bulldozer 90 HP
Wheel Loader 1.2 m3

Motor Grader 735 HP

Vibratory Roller 4.0
Ton (D&T)

Motor Grader 73 HP
Vibratory Roller 4.0
Ton (D&T)

Motoar Grader 75 HP
Vibratory Roller 4.0
Ton

Portable €rusher/Screens

30-40 Ton/H

Motor Grader 70 HP
Bulldozer 90 HP

Wheel Loader 1.2 m3
Flat Bed Truck 3.0 Ton

Asphalt Spraver
450 Ler
Tyre Roller 8-15 Ton

Portable Crusher/Screens

30-40 Ton/H

Concrete Mixer 0.5 mJ
Water Pump 200 Ltr/Min
Concrele Vibrator
J.3oup

1~

1-
1-

i-

{=-

Wheel Loader 1.2 m3

Water Tank Truck
4,000 Ltr

Wheel Loader 1.2

Vibratory Roller
4.0 Ton (D&T)

Dump Truck 3.0 Ton

Tank Truck
Ltr

Water
4,000

Tank Truck
Lty

Water
4,000

Tank Truck
Ltr

Water
4,000

Vibratory Roller
4.0 Ton {(D&T)
Road Stabilizer
Water Tank Truck
4,000 Ler

Flat Bed Truck
3.0 Ton

Flat Bed Truck

3.0 Ton

Hand-Guided Vibratory
Roller 100U Kg




CONSTRUCTI0N “ATERIALS FOR RURAL ROADS

[ LOCATION MATERIAL DESCRIPTION
§SU5 BASE Sub-base course mzizrial] Mixture of qraded stone or aravel,
i For use when (CBo< 253 with sand and limites clay content
: Water bound Macelzr Single size stone (37.3-30 mm) f
. . ; 3
; biinded and watered. -
| BASE Crushed graded storz 37.5-50 mm down to sgecification,
| COURSE (Alse includes £¥02%) compacted in 100-150 =m layers.
i Lime Stabilised Soi” 3%-5% slaked lime mixed in-sizu ’
] (to give 18 Kg/cm®) |
- . . . . 1
E Penetration Macacz~ ! Traditionral method ard lzbour inten
; ; sive. Suitable to imrroved spEfitic
‘ i cation end quality control.
PAVEMENT | Bitumen Surface Surface Dressing Treztment {single
SURFACE Treatment or double) '
Asputon QOveriay Matural treated Asphait mixed aith |
' graded mineral aggregate (35:2Z, |
| Jaid hot or cold min & cm layer. |




FUNDING OF LOCAL ROADS
BIAYA JALAN LCKAL (PEMBAYARAN)

Request for .
Minister of - o o> Minister of
Hema Afigirs l Letter Finance
Authorising Funds
Letrer

Authorising Funds

La Ty e

Ofhicz of the Exchequer, Ministry of Finance

|

Deposit of Funds

!

N Payrment
Bank Rakyat Indonesia: Kabupaten Account < \c'_ij
P . - - >
1 3
i b information of Budgeted Accounts and Fundirg Avalability
Raguest for t
5 ?‘aymem pn--—-u-u-nn}m—ﬂ—-----u-—m-q
1 1
1 & ¢
H
: By Farce Account By Contractar
)
1
i
' -
[] Crfice of the Bupati Ctfice of the Bupati
L
]
' ? . $
1 2
i .
1 Reporting @ Reporting @
I
1 | . H
1 I Approval L
| DR d . :
“ae=1 peuk | DPUK CPUK Lo BPUK
Accountant Chief Chiet > Accountant
—@——-—p -@.-Q instruction
i te po !
Cash transier & Approval :_ . . : ? % H
i raquest 1
H ] ) ' fssuance
H t [ | of check
3 i ' 1 (2 Promany R
. % request t
Paymant {7 f{ianne_d @ hotice 3 r
financial to Notice [ 1
3 raquiraments £ rocesd to 1 $
3 1 procaed
t 1 ] !
4
1 | | 1 ]
"4 1 4 ¢ 2 &
Project Unit - -Contractor

Cath Flow ssm——

HEOIMANION e e e >
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LOCAL DEVELOPMENT PROJECT
HURAL ROADS i-ADB Ei6NTH ROAD
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Road Maintenance

Provisicn is m&de for rcac mainténance and periodic supperi works

the kabupaten progra—mes. “Yanuais are provided for the guidance o the

Kabupaten staff, detaling manacement procedures plant and equipment

requirements, field work uniis, and maintenance levels of service,‘xd

follow for the four road ¢ z33ifications.

Work categories areg ¢z

ined within
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LIST 2% ROAD WAINTENMANCE WCBHS

LOCATION
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ROUTINE ATUTENANCE

PERIODIC SUPPORT WORKS

ROAD

Patcring/Pothoie repeir
Gradirc and rzshaping
Sheulcsr recéir {minor;
Vegetztion control
Erasicn conircl

Trafiic Siagns and
sundries

Surface reseal (S57;
Maior patching and resair
Renewal of gravel overlay
Rebuilding shouldars
Removal of bank slips and
other emergency works
Filood damage repair

DRAINAGE

Culvert cleaning/repair
Roadsica drainage,
cleaning and renair

Major repair to cuivertis
including replacing & ex-
tension

Major repair and regrading
side drains.

BRIDGE

Bridce channel and
drainege outiet cleaning-
Maintsnance of bridge
deck

Structural repair (minor
work)

Renewal of timber decks
Repairs to handrails/walis
Repainting steel work
Channel, bank and scour
protection

Costing and Estimates

Costing procedures. For the nreparation of the road and bridge

estimates, the kabucaten engineer is requifed to build up a costing
system and establish unit rates for all work activities.
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DINDING GCGESER HKavyYu
‘ FPAaIDen
BaNGLUINAaN BERT INGIKAT TAHAN GEMPA

Johannes Adhijosgo Tjondrox

Dari potensi hutan alam yang ada di Indonesia teruiamss produksi tayu lapisnya
harus didukung dengan herkeabangnya riset galas struktur bangunéﬁ kayu,
terutama pada bangunan bertingkat. Bangunan bertingkat dengas dinqinq geser
kayu merupakan sebuah alternatif baru dalae peailihan macas struktér bangunan
bertingkat tahan gesmpa di Indonesia, Perilaku dari dinding geser tunggal dan
pengeabangannya untuk hangunan bertingkat dari hasil riset vyang tolsh
dilakukan meaberixan konsep dasar untuk pengeabangannyz di Indoresia.

1. Pendahuluan

Lahan yang makin sempit dan mahal menysbabkan bangunan bertingkat
menjadli suatu pilihan selain material yang digunakan pada saat
ini yang masih berkisar pada baja dan kayu. Perkembangan vang
lambat dan sedikitnya minat pada pilihan material kayu
menyebabkan penggunaannya hanya pada bangunan bertingkat rendah

dan sebagai non-struktural elemen saja.

Sumber daya alam, potensi hutan yvang ada di Indonesia merupakan
suatu potensi vyang terpendam untuk industri komponen-komponen
bangunan kayu, diantaranya plywood dan sejenisnya. Kayu adalah
bahan yang ringan, sehingga massa bangunan kayu - pada umumnya
lebih ringan dari bangunan baja atau beton, dari segi desain
terhadap beban gempa hal ini cenderung _menguntungkan karena
menghasilkan gaya geser dasar yang cukﬁp kecil. Bahgﬁ kayu mudah
dalam pengangkutan dan pemasangannya di lapangan, dari segi waktu
pelaksanaan termasuk cepat bila dibandingkan dengan material vyang

lain.
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Sayangnya material kayu belum membudaya, terutama pemakaiannya
untuk bangunan-bangunan berbentang besar atau bertingkat di
Indonesia, harga pelaksanaannya cukup mahal karena komponen-
komponennya sebagian besar masih dikerjakan dengan tenaga manusia
dan sistim strukturnya tidak efisien, masih menggunakan

sambungan-sambungan konvensionil yang mahal biavanva.

Di Indonesia bangunan bertingkat dari kayu hampir tidak pernah
dijumpai, selain untuk bangunan dua lantai. . Untuk bangunan
bertingkat yang 1ebih tinggi lagi, beban lateral menentukan dalam
desain elemen strpktur utamanya, yvang pada umumnya strukturnya
adalah rangka. Elémen—elemen berupa dinding vang biasanvya terbuat
dari plywdﬁﬁfﬂ.hanya sebagai dinding penutup saja, padahal
sebenarnya mempunyal kekakwuan dalam arah lateral untuk menahan
beban—-beban lateral angin atau gempa. Perkembangan yang terakhir
di dumia menunjukkan bahwa panel-panel yang terbuat dari plywood
atau sejenisnya tersebut sangat efektif dalam menahan beban

lateral. Kemudian dikembangkan pula pada bangunan—~bangunan

bertingkat dengan dinding geser dari plywood atau sejenisnya.

Sebagai contoh pada gambar 1 dan 2, menunjukkan dwua buah bangunan
bertingkat vang selurubhnya terbuat dari kayu denganm kombinasi

dinding geser kayu di Seattle dan Alaska.
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2. Perilaku dinding geser tunggal

Dinding geser 1ini mula-mula dikembangkan untuk bangunan satu
lantai diantaranya oleh Thurston dan Stewart. Test banyak
gdilakukamn untuk dinding dari plywood yang dikombinasikan dengan
rangka dari kayu ( Gambar 3 }. Gambar &4, rangka vang lemah
terhadap gava lateral yvang pada umumnya diperkuat dengan bracing
mendapat tambahan kekakuan lateral dari panel plywood vyang
memberikan kontribusi vang besar, sifat dari beban gempa atau
angin yang bolak—-balik (reversed lcading) menyebabkan konsep
daktilitas sangat berguna jika dikembangkan untuk beban-beban
tersebut. Sesuai dengan konsep sgual displacement atau equal
energy, level beban untuk desain elastis diturunkan pada tingkat

daktilitas tertentu.

Daktilitas dari dinding geser kayu ini diperoleh dengan
kemampuannya untuk mengalami simpangan inelastis, yang dicapal
dengan kelelehan alat penvyvambungnya yvang berupa paku dengan

memberikan batasan tidak terjadinva ‘brittle failure’. 3

Perpustakaan
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Plywood shear

; sted under simulated }
foading on the shaking table.. 4 earthquake

gambar 3.'

Frame
bracing

gambar 4

Hysteresis curve vang gEFjaﬁi paga dinding geser kayu ini  tidak

baja"a%au beton bertulang, karena disini terjadi

seperti

pakunva,

hasil percaobaan terliihat seperiti pada

gambar 5a dan 5b,

menunrjukan hubungan antara gavya geser dasar dan

peralihan horisontal akibat beban berulang. Hysteresis curve ini

berbeda

karakteristiknya tidak seperti anggapan elasto-plastis

atau bi-linier pada baja ataupun Ramberg-Osgood model pada beton

bertulang.
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gambar 5b

Cyclic Load Test on Plywood Sheathed Wall
tfrom Thurston, 1984}

Stewart mengembangkan

: : : !
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hysteresis curve untuk dinding geser kayu

subroutine dari Stewart Hysteresis mopdel { gambar & )

terdapat program Ruaumoko

Engineering,

di+ Department of Civil

University of Canterbury.
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Diayonal Shear panel
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Parameter—-parameter yang mempengaruhi bentuk hysteresis tersebut
tentu saja tergantung dari karakteristik baham plywood, Jjarak
pemakuan, tebal lapisan damn Jjumlah plywood pada satu atau dua
sisi dari rangkanya. Parameter—parameier tadi harus dicari dari

hasil percobaan di laboratorium.

t

3. Dinding gesé?'ké§; pada bangunan bertingkat

Dari hasil percobaan dan dengan analisis berdasarkan Stewart
hysteresis model, dengan menggunakan bantuan program Ruaumoko
berupa program untuk analisis dimamis dua dimensi berdasarkan
cara step by step integration method, Dean dan Tiondro
mengembangkar secara tepritis analisis wuntuk bangunan bertingkat

sampai dengan 4 lantai.

Perilaku dari dinding geser pade bangunan bertingkat ditest
se@cara teoritis dengan simulasi pada komputer untuk berbagail
macam gempa yang diskala setara dengan El Centro 1940 NS, higher
mode effects tervutama pada bangunan bertingkat tiga dan empat,
menunjukkan efek pecut sebesar maSing—maSing 8 dan 13 Y% vang
direkomendasikan untuk desain statik ekuivalen. Inelastic inter-

storey drift yang terjadi harus memenuhi syarat vang diijinkan.

Pada support connections, deformasinya diperhitungkan menyebabkan
terjadinya rocking ‘pada dinding geser yang menyebabkan peralihan

horisontal vyang makin besar ( Gambar 7 ), initial slackness

Perpustakaan 5.
Universitas “atolik Parahyangan



akibat shrinkage dan misalignments waktu pelaksanaan juga

ditinjau efeknya.

gambar 7

Fada setiap lantal sebenarnya tidak diperlukan Jjumlah panel
dinding geser dengan kekakuan lateral yang sama, hal 1ini dapet
divariasikan dengan berbagai macam ketebalan plvyvwood yang

digunakan.

Model-mpdel analisis dikembangkan,; rocking direpresentasikan
dengan pegas vertikal kr seperti pada gambar 8, dan kekakuan
lateral dari dindinmg dengan pegas horisontal kw, pada bangunan
bertingkat model untuk analisis terlihat pada gambar 9, dengan
pengembangan dasar analisis untuk single wall seperti péda gambar

8.
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4. Aspek~aspek lain umnituk bangunan bertingkat dinding geser kayu

FPada bangunan kayu vang sangat penting adalah detailing dari
hubungannya, terytama dimana kita akan membuat struktur menjadl
daktail, hal ini sulit d;gaﬁéi pada material kayu, jadi kelslehan
material biasanya dideégin terjadi pada bagian sambungan. Hal ini

memerlukan detailing hubungan yang benar.

Biaya dari bangunan bertingkat dengan dinding geser kayu dapat
menjadi mahal kalau belum merupakan suatu industri dalam
memproduksi elemen—elemen sirukturnya, terutama di Indonesia yang
belium membudaya, Jika hasil dam  kegunaannya sudah teresakan,

industri ini akan berksmbang.

Terhadap bahaya kebakaran sebenarnya kayu pada betas tertentu
lebih baik dari baja, karsna pada saat lapisan arang terbentuk,
bagian dalam terlindungi dan berhentl terbakar, tetapl adsa
kelemahan pada sambungan—-sambungan, yang alat penyambungnya pada
umumnya adalah d;ri baja. Alat penyambung ini harus cukup kuat
terhadap bahaya kebakaran ataupun mendapat perlindungan khusus.

Riset dalam ha! 1ni sudah bhanyak dilakukan.

Dari sudut arsitektur bangunan kayu dapat dibentuk secara

fleksibel menjadi banguman yang indah.

7.



5.
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Kesimpulan dan saran

Bangunan dinding geser kayu sangat potensial dan cocok untuk
dikembangkan di Indonesia, terutama pada daerah-daerah gempa,
dengan memperhatikan treatmentnya pada daerah tropis.

Ferilaku daktall pada dinding geser kayu terbatas pada limit
daktilitas tertentu.

Stewart hysteresis Curve dapat digumakan dengan
parameter/karakteristik dinding geser kayu dengan material
produksi Indonesia yang dapat dicari dari test di

laboratorium,
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