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Water Infrastructure Maintenance 

Engineering



Week Plans

Week Learning Outcomes Material

6 Students able to design earth-fill dam 

for maintenance knowledge

Students able to create and design the 

dam according to seepage factor

Dam design

Stability of dam: Slices method, Geo-studio

Software: AutoCAD, SEEP2D GMS

7 - 8 Students could create rainfall design for 

drainage/ water works maintenance

Students able to decide channel design 

for maintenance

Hydrology

Rainfall analysis

Software: HEC-RAS

9 Watershed Protection

Low Impact Development

River Embankment maintenance

Hydrology

Rainfall analysis

Green infrastructure

Software: HEC-RAS, LID (Low Impact Development)



Assessment

• Tugas 1: Analisis Seepage, Geo-Slope

• Tugas 2: Analisis Hujan, Rancangan Banjir

• Tugas 3: Simulasi HEC-RAS, Geo-slope, rekayasa desain dan
pemeliharaan

• Tugas Besar: Studi Kasus



Nilai Akhir

• Hanya bila sudah mengumpulkan semua tugas

Kelengkapan

Tugas

Nilai

4 Lengkap

3 0

2 0

1 0



Penalty

• Melewati deadline (ditentukan asisten)

• Melewati deadline dosen



Pre-village

• Top 5-10



Alur Tugas Besar

• Soal dibagikan

• Asistensi ke asisten

• Asistensi ke dosen

• Selesai



Reservoir

Elemen Utama

•Dam

• Intake

• spillway



Dam

Type

•Urugan, embankment dam

•Gravitasi, gravity dam

•Plat penahan, buttress dam

•Arches dam



Dam; Beberapa catatan

• every dam, large or small, is quite unique; foundation geology, material 
characteristics, catchment flood hydrology etc. are each sitespecific.

• dams are required to function at or close to their design loading for extended 
periods.

• dams do not have a structural lifespan; they may, however, have a notional life 
for accounting purposes, or a functional lifespan dictated by reservoir 
sedimentation.

• the overwhelming majority of dams are of earthfill, constructed from a range 
of natural soils; these are the least consistent of construction materials.

• dam engineering draws together a range of disciplines, e.g. structural and fluid 
mechanics, geology and geotechnics, flood hydrology and hydraulics, to a 
quite unique degree.

• the engineering of dams is critically dependent upon the application of 
informed engineering judgement.



Bendungan Urugan



Bendungan Beton dan Pasangan Batu
(Concrete and masonry)



Bendungan Beton dan Pasangan Batu
(Concrete and masonry)



Material Urugan



Variasi Pelapisan Urugan Tanah dan
Kombinasi Tanah-Batu



Variasi Pelapisan Urugan Batu



Pemilihan Jenis Urugan

1. the suitability of the type to sites in wide valleys and relatively steepsided gorges alike;

2. adaptability to a broad range of foundation conditions, ranging from competent rock to soft and 

compressible or relatively pervious soil formations;

3. the use of natural materials, minimizing the need to import or transport large quantities of 

processed materials or cement to the site;

4. subject to satisfying essential design criteria, the embankment design is extremely flexible in its 

ability to accommodate different fill materials, e.g. earthfills and/or rockfills, if suitably zoned 

internally;

5. the construction process is highly mechanized and is effectively continuous;

6. largely in consequence of 5, the unit costs of earthfill and rockfill have risen much more slowly in 

real terms than those for mass concrete;

7. properly designed, the embankment can safely accommodate an appreciable degree of 

deformation and settlement without risk of serious cracking and possible failure.



Dasar Perancangan
Hitung tinggi air berdasarkan kebutuhan tampungan  

vs Ketersediaan Lahan  

Rancang Awal Kapasitas Pelimpah

𝐻𝐷𝑎𝑚

Rancang Konfigurasi 

Pelapisan dan Dimensi

Material 

cukup ?

Seepage 

Aman ?

Stabilitas 

Tebing 

Aman ?

Stabilitas 

Tebing 

Aman ?

Y

Y

Y

Y

T

T

T

T
Rancang detil Bangunan pelengkap



Rumus Kerja Perancangan Dimensi Tubuh Bendung

𝐻𝑓𝑟𝑒𝑒𝑏𝑜𝑎𝑟𝑑 = 2 × 10−6
𝑈2

𝑔𝐻𝑤𝑎𝑡𝑒𝑟

𝐻𝑓𝑟𝑒𝑒𝑏𝑜𝑎𝑟𝑑 = 0.34𝐹  1 2 + 0.76 − 0.34𝐹  1 4

𝐻𝑓𝑟𝑒𝑒𝑏𝑜𝑎𝑟𝑑 = 0.034(𝑈𝐹)  1 2+0.76 − 0.34𝐹  1 4

𝐻𝐷𝑎𝑚 = 𝐻𝑤𝑎𝑡𝑒𝑟 + 𝐻𝑓𝑟𝑒𝑒𝑏𝑜𝑎𝑟𝑑 + 𝐻dead storage utk sedimentasi (≈ 15%𝐻𝑤𝑎𝑡𝑒𝑟)

𝐻𝑤𝑎𝑡𝑒𝑟 = Kebutuhan tampung + Hasil dari pool routing berdasar rancangan awal pelimpah

𝐻𝑓𝑟𝑒𝑒𝑏𝑜𝑎𝑟𝑑 =
𝑈 𝐹  1 2

1760

𝐻𝑓𝑟𝑒𝑒𝑏𝑜𝑎𝑟𝑑 ≥ 1 meter

𝑈 = Kecepatan angin pada ketinggian 10 m diatas muka tanah  km jam

𝐹 = Panjang Fetch, bidang kontak terbuka permukaan air dgn angin (km)

Gunakan F terbesar

𝑊𝑒𝑖𝑔ℎ𝑡𝑆𝑒𝑑𝑖𝑚𝑒𝑛𝑡𝐿𝑜𝑎𝑑 = 𝑊𝑒𝑖𝑔ℎ𝑡𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑆𝑒𝑑𝑖𝑚𝑒𝑛𝑡𝐿𝑜𝑎𝑑𝑒
 −𝐾𝐿 𝑦𝑉

Prediksi 𝐻dead storage utk sedimentasi dpt dipertimbangkan berdasarkan



Rumus Kerja Perancangan Dimensi Tubuh
Bendung

𝑊𝐶𝑟𝑒𝑠𝑡(𝑓𝑒𝑒𝑡) =
𝐻𝐷𝑎𝑚 (𝑓𝑒𝑒𝑡)

5
+ 10

𝑊𝑐𝑜𝑟𝑒 𝑏𝑎𝑠𝑒 = 𝐶1 × 𝐻𝐷𝑎𝑚 𝐶1 = 0.2 − 0.4

∆ℎ𝑐𝑜𝑟𝑒< 1.5𝐻𝑤𝑎𝑡𝑒𝑟 sampai 2.5𝐻𝑤𝑎𝑡𝑒𝑟

Kemiringan typikal
Hulu 1:2.5 sampai 1:4

Hilir1:2 sampai 1:3

ℎ𝑡𝑒𝑏𝑎𝑙 𝑙𝑎𝑝𝑖𝑠𝑎𝑛 𝑐𝑖𝑚𝑛𝑒𝑦 𝑑𝑟𝑎𝑖𝑛 = 1.5 𝐻𝑤𝑎𝑡𝑒𝑟

𝑘𝑐𝑜𝑟𝑒
𝑘𝑐𝑜𝑟𝑒



Contoh Soal









Perancangan Dimensi Type Urugan

Seepage



(a) (b)

(c) (d)

(f)

Typikal Rancangan Konfigurasi Pelapisan Tubuh 
Bendungan Urugan



Konfigurasi Tipikal Blanket, Grouting dan
Chimney Drain pada Bendungan Urugan
dengan Inti (core)

(f-1) (f-2)

(f-3) (f-4)



Material Tubuh Bendung Urugan



Dam Failure



Dam Failure



Slope Stability
• Circular failure : occured in homogenous 

soil

• Plane failure : occurred  in layer soil 
or rock where one layer is weaker 
than the others.



𝛽

𝑊

𝑊sin 𝛽

𝑊 cos𝛽

𝑆𝑎 = 𝑊 sin 𝛽

𝑆𝑟

𝑆𝑟

𝑆𝑟

Safety factor 𝐹𝑆 𝐹𝑆 =
𝑆𝑟
𝑆𝑎

=
𝑆𝑟

𝑊sin 𝛽



𝛽

𝑁

𝑆𝑟 = 𝑊 cos 𝛽 tan∅

𝑆𝑟 = 𝑓𝑁

𝑁 = 𝑊 cos 𝛽

𝑓 = tan∅

𝑊 cos𝛽

lengketan tanah = kohesi 𝑐
𝑆𝑟 = 𝑐 +𝑊 cos 𝛽 tan∅

𝑆𝑎 = 𝑊 sin 𝛽

Safety factor 𝐹𝑆

𝐹𝑆 =
𝑆𝑟
𝑆𝑎

=
𝑆𝑟

𝑊sin𝛽



𝛽

𝑁

𝑆𝑟 = 𝑓𝑁

𝑊cos𝛽𝑆𝑟 = 𝑐𝐿 +𝑊 cos 𝛽 tan∅

𝑆𝑎 = 𝑊 sin 𝛽

Safety factor 𝐹𝑆

𝐹𝑆 =
𝑆𝑟
𝑆𝑎

=
𝑆𝑟

𝑊sin 𝛽

𝐹𝑆 =
𝑐𝐿 +𝑊 cos 𝛽 tan∅

𝑊sin𝛽



The Driving Force:

Factor of Safety

Fs =  Sr = W cos β tan ϕ + cL

Sa = W sin β

cohesion slice

weight

slope angle angle of 

Internal friction

The Resisting Force:



cohesion slice

weight

slope angle angle of 

Internal friction

Angle of internal friction: 30 degrees

Cohesion: 50 lbs/ft2

Length of failure plane: 122 ft

The Resisting Force:

(+)

(+)

(+)

(+)







Contoh Soal



Membuat irisan



z



zw



Sudut irisan



Menghitung panjang busur irisan





Safety factor

• Belum aman. Bagaimana agar aman?





Method of Slices

ϒd 21 Kn/m3
u l

Slice b Area W zw ru δ Wsinδ Wcosδ  l ϒw zw l Wcosδ - ϒw zw l

1 20.17 326.14 6848.913 1.55 0.00222 50 5248.118 4400.553 38.15 580.0898 3820.463284

2 20.17 666.28 13991.81 30.6 0.021454 39 8808.308 10871.26 26.94 8087.011 2784.252247

3 20.17 828.96 17408.16 0 0 28 8175.659 15368.89 22.86 0 15368.88513

4 20.17 899.27 18884.61 0 0 19 6150.611 17854.93 20.70 0 17854.9299

5 20.17 902.15 18945.22 0 0 10 3291.114 18657.17 19.46 0 18657.17183

6 20.17 849.38 17837.02 0 0 2 622.7535 17826.15 18.78 0 17826.14742

7 20.17 746.70 15680.61 0 0 -6 -1639.73 15594.64 18.52 0 15594.63849

8 20.17 596.20 12520.13 33.84 0.026515 -18 -3870.44 11906.86 18.63 6184.609 5722.254017

9 20.17 397.06 8338.355 30.48 0.035859 -27 -3786.94 7428.81 19.11 5714.058 1714.751944

10 20.17 145.28 3050.968 24.29 0.078101 -36 -1793.94 2467.832 20.08 4784.761 -2316.929273

26786.4 223.23 97628.74232


