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AHSTRACT

A feasibility study for a metro rail tunnel for Dhaka was performed in this thesis. A
tunnel alignment along the existing surface railroad system from Tongi to Kamalapur

was chosen for the feasibility study. Infrastructures close (4 to 40 m from edgc) to the
existing railway that may be effected due to tunncl construction were identified.
Density of building close to the road line is highest between the the Basabo,
Moghbazar illld Mohakhali areas. Howevcr, some unauthorized structures exist close
to the rail lines. These arc unlikely to create problem during constructions as these
may be demolished.

Geotechnical characterization of subsoil condition along the proposed tunnel
alignment revealed variability of the subsoil. The subsoil was characterized on the
basis of available literature. Considering the soil profile and the soil parameters, four

general cases of ground condition has been chosen for illlalysis of earth retention
system for tunnel construction to cover a widc rangc of ground conditions. Tunnel

strueture.illld the station building were chosen as those used lur typical metro lines.

Design of the earth retention system revealed that cantilever sheet pile wall
will not be suitable for the ground conditions along the rail alignment and for the

depth of excavation expected for the tunnel in Dhaka. Earth rctention systcms
consisting of sheet pile, contiguous drilled piles illld diaphragm walls with lateral
bracings have been designed for the proposed railway tunnel. The effect of nearby
structures on the design of the retention system revealed that if the structure is located
at 8 ft or beyond, the effect of the building structure on the carth retention system
would be negligible.

Among the earth retaining systems, cost of diaphragm wall was found to bc
the minimum of the three systems i.e, sheet piling, contiguous piling and diaphragm
walling. The cost of diaphragm wall for the proposed tunnel ranged from Tk. 29.6
crore to Tk. 46 crore per km. The costs of diaphragm wall is 17 to 21 percent less than
those for braced-cuts, and 15 to 23 percent less than those for drilled contiguous pile
system. The eostlkm of tunneling using diaphragm wall system appear to be 26% less
than the cost of Flyover Structure at Mohakhali.

The study revealed that metro tunnel system is feasible I(Ir Dhaka city and
would appear as an effective solution for the current traffic condition. Diaphragm wall

system appeared to be the most effective for construction of the tunnel.
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1.1 General

Traffic jams have appeared as a major problem in Dhaka city over the last decadc.
Number of population in the city is growing at a geomctric rate while thc capacity of thc
road and road network have not been expanded to accommodate the growth. While
analysis of the road system make sound decisions about traffic managemcnt, better traffic
control, more roads and fl)./overs, more lanes in existing road.s is unlikely to eliminate the
cxisting traffic problem. Underground Metro system for mass movement in Dhaka city
has never been seriously considered. Subway have been used successfully in the crowded
citics of the world such as Tokyo, Ncw York, London ctc. In linc with mass transit
system of all great cities, a metro rail is desirable for Dhaka city to eliminate the traffic
congestion and related problems. Metro rail system is believed to be one of the most
superior with respect to volume of mass transport, uninterrupted operation, safety, noise
pollution and the preservation of cityscape. A tunnel can be constructed by either 'Cut
and Cover' method or using "Tunnel Boring Machine' (TBM). The former is relatively
cheap and require simple technology and therefore suitable for tunneling in Dhaka city.

However, the method causes disturbance to land traffic and ground defomlutions around

deep excavations which can damage adjacent buildings and utilities. Peck (1969),
Goldberg et al. (1976), Mana (1978), Clough and O' Rourke (1990), and Long (2001)
have identified factors influencing the ground deformations due to excavations. Stress
around tunnel and stability after excavation are described in Matsumoto and Nishioka

(1991).Braced-cut,  anchored sheet pile, diaphragm wall, shore pile etc are the methods
used for soil retention (Bickle et. al , 1997). The diaphragm wall technique was used
suitably for Kolkata metro tunnel (Sam, 1985). This study is to investigate different
earth retention system that can be used for Dhaka soil for construction of a metro

tunnel and to explore the feasibility of using metro tunnel in Dhaka.



1.2 Reasons for !'.t0ing under!.tround

Underground medium is a space that can providc the setting for activities or
infrastructures that are difficult, impossiblc, environmcntally undesirable or less
profitable to install above ground. It olTersa natural protcction to whatever is placed
there. The containment created by the structures protects the surface cnvironment from
the risks / disturbances inherent in certain types of activities. Underground space also

provides temperature control, noise isolation and environmentally acceptable location
for unwanted but necessary facilities. The use of underground space has recently gained

popularity in developed countries for civil, industrial, residential and even recreational
facilities. In densely populated cities like Dhaka, the contrast between available space
and the space for dilTerent functions is enormous. Highways congestion and increased
daily travel time appeared to pose a threat on daily life. The growing number of
vehicles generates daily traffic jams, pollutes air and creates conflicts with the
pedestrians. The traffic became a real nightmare, aggravated by ineffective
transportation system at the surface. Underground subway systcm is thc only alternativc
that can solve the problem. Subway system also provide a balanced, coordinated, well-
managed and efficient transport system, which is a precondition for the sustainable
development and economic growth of Bangladesh.

1.3 Metro Rail for Dhaka City

A feasibility of using underground tunnel and metro rail for Dhaka city from
geotechnical consideration has been investigated in this thesis. While the alignment of

the metro rail depends on numbers offactors including road traffic, volume, connectively

subsoil condition, land use strategy, economic bcnefits etc. An alignment along the
existing surface railroad system from Tongi to Kamalapur has been chosen for the
feasibility study. The reason for chosing this line is that it passes through the heart of the
eity which presently is active as barrier to road traffic as it is crossed at several location
by road network. Also since this rail line with its right of way has significant width, any
new construction work will not significantly disturb the existing traffic flow. Therefore it

is proposed to take the existing surface train line to underground. Figure 1.1 shows aerial



views of the existing railroad from Tongi Bridge to Kamalapur Station. Some of the
reasons for chosing the metro rail along the existing rail road are :
I) Improvement of the existing railway infrastructure in Dhaka. Metro Rail will
significantly increase the passenger capacity of the core section from Kamlapur to
Tongi route.
2) Underground railway services to new destinations will improve public transport
access in Dhaka city.
3) Shorter jowney times as a result of fewer changes needed between mainline and
Underground services.
4) Metro Rail can also give more services between Kamlapur and Tongi per hour at
peak times and reduced overcrowding on the existing Dhaka and other District

bus services.

* White line indicate existing Railroad and Blue line indicate highways

Figure 1.1 : Existing rail Route from Kamalapur to Tongi Bridge (Google Earth)



5) It will also improve dispersal of passengers from the Roads and Highway vehicle
at Dhaka.

6) Finally, it will give a signilicant contribution to helping Dhaka's economy and be

provide a catalyst for regeneration in parts of the capital.

1.4 Description of existing railroad

The existing rail track, which is the proposed site for metro rail, starts from Kamalapur
railway station and extends towards north as shown in the Figure-l.I. It has two sharp
bands one at Khilgaon and the other at Tejgaon, and a gentle curve at cantonment area.
This length of track is running approximately from south to north and passes through the
busiest portion of the city. In this typical route there exist '18 rail crossing points ovcr the
Railway line. Subway line is considered to run parallel to existing rail line within the right
of way of the rail lines. Average 30 ft to 35 ft wide right of way exists on each side of two
existing parallel railway lines which may be used to construct the metro line. EXxisting

railway line is a meter gauge line that runs almost flat relative to the existing road surface

except in few places, where it is slightly elevated.

1.5 Nearby Infrastructures

Nearby infrastructures are identified along the existing rail road to examine if subway
construction would affect the existing facilities. The infrastructures are divided into two
categories. (I) Residential Building. (2) Non-Residential ~ Building. For safety operation
during construction of Metro Tunnel, shortest distance between typical route and
infrastructure  and the area occupied by the infrastructures are required. During
excavation, distance from excavation and the load would influence the horizontal
movement and vertical settlement of the infrastructures. Table 1.1 give the details
information of nearby infrastructures along the existing railroad. The information about
the residential buildings and non-residential buildings are shown in Table 1.2 and 1.3,
respectively. These information have been collected from the maps of Survey of
Bangladesh and from google earth. The maps along the railroad and picture from google
earth are included in Appendix-l. Table 1.4 gives the information of other types of
objects which may effect the construction of Tunnel. It shows that water body is present

as close as 2m from the track. It is revealed that the buildings arc located at distances of



4m to 40 m from the rail line. Numbers of buildings per kIn are the highest in the Basabo,
Moghbazar and Mohakhali portion of the route. Building closest to the line arc located in
Moghbazar and Mohakhali areas. Howevcr, some of the structures too close to the track
may be unauthorized and therefore can be removed during tunnel construction. Table 1.1
shows that area occupied by the building structures varies from 9 m2 to 2800 m2- The
structures occupying smaller areas are small shops located nearby to the track and arc
mostly unauthorized. The large buildings are usually located further beyond the right of

the way of rail track. Figure 1.2 shows existing rail tracks with two roadway intersections.

Table 1.1 : Nearby infrastructures along the rail road

I I
Map |*SOB |Dis Dis Length |Buildings ~ on Dis. From Arc  pmall Lar
No ID tance |tance of the sides of rail Near edge of [a of rSt_ Eest
No From [To Rail line rail line to |ncar B_U” uil
way Build. est [ding ding
Line Left __ |Right __Left  Right gt;g Area  |Area
Tm) (my  (m) (sqm) [(sgm)  |(sam)
L 123 Saicja | Kamala | 3100 170 120 4 5 25 9 413
bad our
2 172 BRasa Mera 2165 142 96 10 3 30 9 750
bo dia
) 152 Ram Magh 3450 135 145 2 1.22 20 2 2800
na bazar
4 ISI Tej Moha 3045 139 132 2 4 40 12 1925
gaon | khali
RiA
5 150 Bana Army 3500 23 23 8 10 16 16 550
m Sta
diam
6 169 Khil koala 3110 Nil 21 Nil 6 140 20 140
khet
7 148 Ash Azam 3250 82 121 5 5 100 25 560
kona pur
8 147 Coat Tongi 800 26 26 5 10 25 9 300
bari ItA

*SOB: Survey of Bangladesh 2003




Table 1.2 : Nearby Residential Building (From

Bsabo To Airport Railway Station)

Map Sur Dis Dis Length | No of Building | Dis. From Area
No vey tanee tanee of Rail Near edge of
of From To way of rail near
Bang Line line to Ekuild. est
la Left Right | Left Right | Build
desh Side Side Side Side
Map of of of of
IDNo Rail Rail Rail Rail
Way Way Way \Way.
Line Line Line Line
(m) (m) (m) (sam)
I 172 | Basabo | Meradia [ 1850 70 54 10 35 158
2 152 | Ramna_| Mogh 3450 88 55 5 5 263
bazar
3 151 | Tejgaon | Moha 3045 73 69 5 4 125
RIA khali
4 150 | Banani | Army 3500 16 13 Ll 11 400
Stadiam
5 169 | Khil koala 3110 Nil 3 Nil 7 150
Khet
6 148 | Ash | Azam | 3250 | 2 | Nil | 20 | Nil | 500
kona Pur

Table 1.3 : Nearby Non-Residential

Building (From Basabo To Airport Railway Station)

Serial

Type of

No of Structure

Area of | Nearest dis. of the
No Structure . Strueture {sgm)| Struetire from the Rottte
| (m)
Left Right
Side Side
1 School 5 4 225 11
2 Mosque 9 11 688 5
3 Factorv 3 1 700 q
4 Madrasa 1 [ 282 30
5 Community Nil | 306 40
center
6 Govt. Office 2 2 1338 10
7 Hospital 1 Nil 150 35
38 Petrol Pumn Nil 2 300 25
9 Hotel Nil 2 338 10
10 Bank Nil 2 350 11
I Police Station 1 Nil 525 20



Table 1.4 : Other type of Objects (From Bsabo To Airport Railway Station)

Serial | Types of | No. of | Length (m) | Area (sqm) | Nearst Distance
No. | Objects | Objects | | | | [ (m)
Left | Right | Left | Right | Left Right Left Right
Side | Side | Side | Side | Side | Side Side Side
| Lake & Pond 3 3 3150 | 3220 | 91500 | 199550 2 5
2 Swamp 1 2 100 | 1210 | 1000 | 72750 7 | 5
3 Embankment 1 Nil 3110 Nil Nil Nil Attached Nil
&
Vegetation |
| boundary & | |
Highway

It shows two tracks of meter gauge covering an average width of 10 m . One meter gauge
lane can be continued to function for both way traffic, during construction of subway,
while other track would be closed . Thus, width of the working area that would be
available is about 8 to 10m. At some places even a larger space is available that would

facilitate the tunnel construction. However, the movement of train on working track may

(a) Mohakhali Rail line Crossing (b) Banani Rail line Crossing

Figure 1.2 : Actual site condition and availability of working space.

cause vibration to the soil that may destabilize the soil near the cut. The issue of the effect
of soil vibration has not been considered in this thesis. The site is bounded by some
underground utilities, including water pipes and telecommunication cables in the close
vicinity of the work area, particularly in the city area from Kamalapur to Banani. Above

ground utilities are also available at places such as high tension electricity lines,



telephone cables, drainage and sewage pipes lay on both sides. The utilities may be
relocated to facilitate tunnel construction.

1.6 Objective and scope

The objective of this thesis is to review construction process of a underground railway

system by cut and cover method. Different earth retention systems such as anchored sheet

pile, braced cut, bored pile and diaphragm wall are examined for their applicability in

Dhaka soil. Construction cost associated with each of the method is also explored to
develop a suitable and cost effective method for a metro tunnel in Dhaka City. Specific
objectives and possible outcomes of this study are described below:

t. To review use of cut and cover methods for underground tunneling.

1. To characterize the sub-soil conditions at typical locations within the Dhaka
city.

iii. To propose a suitable underground tunnel construction method and tunnel

structure for Dhaka city including suggestion for a cost effective soil retention
system based on soil condition of the Dhaka city.

iv. To estimate and compare cost for different cut and cover tunneling methods.

V. Estimate cost of metro-tunnel construction using cut and cover method.

VI. Make a comparison of cost for underground tunnel and with flyover
structures.

Vii. To develop and understanding of the challenges that leads to be focused for

tunnel construction in Bangladesh.

1.7 Organization of the thesis

The thesis is arranged in a systematic way to present the above objectives. In chapter-2,
reviews of available cut and cover methods such as anchored sheet pile, braced cut,
bored pile and diaphragm wall for ground tunneling are described. Chapter-3 discusses
about the Geotechnical characterization of the sub-soil conditions along the proposed
typical tunnel alignment. Based on the geotechnical characterization four conditions are
selected for designing an appropriate earth retention systems. Chapter-4 discusses the

typical metro rail systems and selection of a tunnel box and mctro station for Dhaka city.



Chapter-S discusses design of a suitable earth retention systcm for four conditions and
design of Tunnel Box WId Underground Railway Station for the Dhaka city. Chapter-6 is
divided into three parts. These are : (I) estimation and comparison of cost for different

earth retention methods, (2) estimation of cost of metro-tunnel structure (3) comparison

of cost for underground tunnel and flyover structure. Finally, conclusion regarding

suitability and challengcs of applying tunneling in Bangladesh and Recommendations for
future studies are discussed in Chapter-7.



CIIAPTRR2

REVIEW OF CUT-AND-COVER TUNNELING

2.1 Introduction

Tunnel construction 1s characterized as "cut-and-cover” construction when the tunnel
structure is constructed in a braced, trench-type excavation (“cut") and is subsequently
backfilled ("covered™) (Bickel et ai, 1997). For depths up to 35-45 ft this method is often
economical. The general design aspects of cut-and cover tunneling discusses the basic
theoretical elements and design framework with which to appro<ichthe engineering of deep
excavations. Shoring walls are used for earth retention in cut and cover tunneling methods.
Steel sheet piling walls are often classified as "flexible" walls. In the same context,
continuous concrete diaphragm walls, which are ordinarily much stiffer, are classified as
"rigid" or "semi-rigid" walls, depending upon actual stiffness. In addition, considerable
emphasis is placed on displacements of adjacent ground and adjacent structurcs. Tl,e issues of
common shoring system and design aspects of tunneling by cut-and-cover method has been
reviewed. Ground stress on the retaining structure depend on the type of lateral support used.
Cantilever wall are those with no lateral support. Earth pressure on the active and passive side
of the wall govern the design of the cantilever system. On the other hand, wall with lateral
bracings are called braced cut Braced shoring walls restrict the movement of the soil behind
the shoring wall is almost always considerably different from that represented by active
pressure, and it cannot be predicted accurately based only on theoretical soil mechanics.
Earth pressure diagrams have, however, been developed for the design of shoring systems
from data made available from many measurements of strut loads in excavations. These
diagrams are commonly referred to as "apparent pressure diagrams." Braced cuts with sheet

pile, bored pile and diaphragm wall are usually used for cut and cover construction.
2.2 Common Shoring Systems

2.2.1 Cantilever Steel Sheet Piling

Continuous steel sheet pile are composed of rolled Z-shaped or arch-shaped interlocking steel

sections. Because of their greater stilTness and resistance to bending, Z-shaped sections are
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almost exclusively used as steel sheet piling for cut and cover constructions. Fieure 2.1 shows
the section of interlocking steel sheet piling. It is typically used in saturated pervious or semi

pervious soils and other soils that do not permit the easy placing oflagging. It is used as well

in competent sandy soils when ground water is not a concern, if there are sufficiently few
utility crossing and other subsurface obstacles and it is found economically advantageous to
do so. The sheet piles are driven with either hydraulic type or vibratory type hanuners,

depending in part on the type of soil. Vibratory hanuners are most commonly used in sandy

soils.

Interlock configuration
varies with manufacturer

Figure 2.1 : Section interlocking steel sheet piling. (Bickel et ai, 1997)

2.2.2 Sheet'piling with Tie-Backs

A tie back is a form of support in which the horizontal earth pressure acting on the sheet pile
Wall is resisted by an anchor assembly, which in tum deposits its load into soil or rock far
enough behind the wall to have no significant effect on the wall. A tie back consists of three

principal elements shown in Figure 2.2. These are: (I) an anchor zone, which acts as a

Figure 2.2 : Principal tie-back components. (Bickel et ai, 1997)



reaction to hori:l,ontal earlh pn'ssurc on the —;horinewall ; (7.) a li(~de"H~f11.which Irnnnfors
the load from the wall to the anchor zone; (3) a wall reaction assembly al the point of wall

support. For non-cohesive soils common practice is to assume 0 = (45° - cpl2 ). The zone

between the anchor zone and the sheet pile wall is commonly referred (o as the "unbonded
zone" or "unbonded length". The unbonded length should be that obtained from 0 (Figure
2.3) or 15 ft minimum, which ever is larger. To locate the anchor zone behind the sheet pile
wall, the anchor zone is typically placed behind an "assumed failure plane”. The tie element
for all of the more commonly used tie-backs is either a single thread bar 1-1-3/8 in. diameter
or multiple high strength strands, each (in most cases) 0.6 in. in diameter. The tie element are
installed in holes drilled from inside the excavation through the shoring wall at an inclination
usually in the range of 15-30° from horizontal for soil anchors. The anchored zone is created
by filling the drilled hole throughout the anchor zone with sand-cement grout or neat cement
grout, depending upon the type of anchor. Throughout the length the tie elemenl is covered

with a plastic tube so that none of the tie-back load is transferred into the ground. Drilled
holes for the most common tie-backs range from Il to Il in. in diameter; about 12 in. in
typical. Grout is placed in the drilled hole. By gravity or at modest pressure when hollow-
stem augers are used to drill the hole. The anchor resistance is develop through grout to soil
friction. For these conventional tie-backs, working capacities in soils ranging from 70 to 140
kips are common. More sophisticated tie-backs of much higher capacity are also utilized on
cut-and-cover projects. In competent soils, Tie-back capacities up to 400 kips or more have
been installed (Bickel et al, 1997). Figure 2.3 shows tie-back wall reaction assembly. When
tie-backs are utilized as support for shoring walls, excavation proceeds in lifts that correspond
to the vertical spacing of the tie-backs. Each succeeding increment of excavation cannot
commence until the tie-back at that lift has been successfully post tensioned to its design
working load at the wall reaction assembly. Normally, the tie-backs can not be post-
tensioned until 5 days after complelion of the grouling of the anchor zone. Tie-backs can be
considered an alternative to internal bracing when the following conditions exist: (1) There is
ample width within the excavation for tie-back installation. (2) Permission is granted by the

property owner to install tie-backs in the ground adjacent to the cut. (3) There is no
significant piezometric head behind the shoring wall at the level of the lie-back installation.

(4) The soil behind the shoring wall is sufficiently competent to permit successful tie-back
installation.(5) There are no subsurface obstacles such as deep basements beneath adjacent
buildings. Although all these conditions are often present, it is uncommon to find that tie-

backs are an economical altemalive when the excavation is less than about 65 ft wide.

12
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Figure 2.3 : Section showing tie-back wall reaction assembly, (Bickel et al, 1997)

2.2.3 Sheet pile with lateral bracing

Many cut-and-cover excavations are relatively narrow and, as a result, internal bracing
composed of multiple tiers of horizontal, structural steel framing is the most common type of
shoring wall support used. In a typical excavation the principal components of each internal
bracing tier are longitudinal beams, or "wales,” and transverse compression members, "or
Struts," arrange generally as shown on Figure 2.4, The bracing tiers must be positioned so
that they s'upport the shoring wall and permit efficient construction of the permanent

structure. Figure 2.5 shows the general sequence of construction operations typically
employed during the construction of a subway line structure,
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Figure 2.4 : Internal bracing framing plans and details. (Bickel et ai, 1997)
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BRACING' TIER ITYPI

A__
STEP E1 STEP E2 STEP EJ
INDICATES INTERNAL BRACING
TIER ITYP)
1:
vt O s
STEP E4 STEP R1 STEP R2

GENERAL CONSTRUCTION SEQUENCE

STEP
STEP
STEP
STEP

STEP

STEP

STEP

El

E2
E3
E4

R1 :

R2:

RJ:

EXCAVATION TODEPTHH, AND INSTALL TIER NO I
EXCAVATION TO DEPTH H, AND INSTALL TIER NO 2
EXCAVATION TO DEPTH H, AND INSTALL TIER NO 3
EXCAVATION TO DEPTH H,(FINAL SUBGRADE)

(a) PLACE CONCRETE BASE SLAR
(b) AFTER BASE SLAB HAS AGED ADEQUATELY, REMOVE TIER NO.3

(a) COMPLETE CONSTRUCTION OF CONCRETYE BOX.
(b) AFTER ROOF SLAB HAS AGED ADEQUATELY, REMOVE TIER NO.2

(NOT SHOWN) BACKFILL TO DEPTH H'.2 AND SUBSEQUENTLY REMOVE TIER NO 1.
COMPLETE BACKFILL IF SHORING WALL IS SOLDIER PILES AND LAGGING OR
STEEL SHEET PILES' REMOVE (PULL) SOLDIER PILES OR SHEET PILES IF
PERMITTED TO DO SO. COMPLETE SURFACE RESTORATION.

Figure 2.5 : General construction sequence for braced-cut construction. (Bickel et al, 1997)

During tbe excavation stage, vertical spacing of bracing tiers is oflen specified to be a

maximum of 15-16 ft, sometimes 12 ft when it is crucial to minimize adjacent ground

seUlement. The maximum depth of cut in any excavation step is usually specified to be 3 ft
below the centerline of the next bracing tier to be installed (dimension Z, Figure 2.5). The
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amount or seulemcnt of the grounu adjaccnt 10 the cui I—gClic,ally c(Jfl~:idcled to he llirgcly n

function of vertical spacing of bracing tiers and shoring wall stiffness. It is sometimes

better to increase wall stiffness to permit larger vertical spacing of bracing tiers, when the
larger spacing is needed to avoid interference of the bracing with the reinforced concrete con-

struclion. Occasionally, it is not feasible to avoid such interference, and different removal

techniques or supplementary bracing methods are required. During the bracing removal stage,
the shoring wall does not depend upon the soil below subgrade for support, and larger vertical

shoring wall spans can ordinarily be permitted. Struts in the internal bracing framing need to

be spaced far enough apart so that excavating equipment can operate erticiently.  Strut

spacing is usually in the range of 10-15 ft, but larger spacing (up to 25 ft) is sometimes used

to permit more clearance for construction activities. However, such large spacing is often

very costly because of the much heavier wales that result, and it can be undesirable as well

because of the inward wall movement that accompanies the increased wale defiection. Figure

2.4 shows two framing plans representative of common internal bracing framing. Horizontal

force from the shoring wall is transferred to the wale at each soldier pile, at each sheet pile

web, or in the case of slurry walls, at heavy steel bearing plates embedded in the slurry wall at

its inside face. The bearing plates are fastened to the reinforcing cage when the slurry wall is

constructed. The shoring walls cannot be placed with sufficient accuracy to permit the wales

to bear directly on the soldier piles, sheet piles, or slurry wall bearing plates. The gap

between these wall elements and the wale is typically filled with a structural "packing"

(Figure 2.4). The wales are supported by structural steel brackets (“lookouts") mounted on

the soldier piles, sheet piles, or slurry wall bearing plates. Many framing concepts different

from the typical framing shown in Figure 2.4 are employed. Irregular framing is usually

required for irregularly shaped cut-and-cover excavation. Secondary framing may be

required to brace the weak axis of struts in the wider excavations. When slurry wall panels

can be constructed so that they are installed symmetrically about the longitudinal centerline of

the cut-and-cover excavation, slurry wall panels are sometimes braced directly by struts,

thus eliminating the need for wales.

2.2.4 Drilled Pile or Bored Pile Walls with lateral bracing

"Drilled pile walls" refers to walls formed by abutting cast-in-place concrete or reinforced

concrete piles, concrete and soldier beams placed in drilled holes, or combinations of these

concepts. Drilled holes range in diameter from about 2 to 4 ft. Depending on soil and
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e,roundwatcr conditions~ the excavation can be made wilh or wilhoul casing, either in dry of
slurry-stabilized holes. Cast-in-place concrete or reinforced concrete piles placed in a single
line or row, tangent, nearly tangent, or slightly overlapping with each other, have been called
" contiguous," "secant," or (sometimes) "tangent" pile walls. However, in recent years the
configuration shown on Figure 2.6 has been utilized on several cut-and-cover projects and is

probably more common (Bickel et ai, 1997). With this conliguration, considerable more
strength can be built into the drilled pile wall.

SECONDARY  HOLES DRILLED
AFTER PRIMARY HOLES HAVE
BEEN BACKFILLED AND FILLED
WITH LEAN CONCRETE (TYP)

INTERIOR FACE
SOLDIER PILE PLACED ° ¢ PRIMARY DRILLED

IN DRILLED  PRIMARY HOLES (TYP)
HOLES AND BACKFILLED

WITH LEAN (OR BEITER)

CONCRETE (TVP)

Figure 2.6: Plan or section of Drilled Pile Wall. (Bickel et ai, 1997)

2.2.5 Diapltmgm WaDs with lateral be.ccing

In shoring system design and construction, the term diaphragm wall refers 10 continuous
shoring walls that are reinforced concrete, a combination of concrete and structural steel, or
similar systems. The walls are constructed from the ground surface and are ordinarily

designed so that they are, for construction purposes, watertight. The more common diaphragm
walls, and their applications, are discussed brieOy belOw.

The diaphragm wall usually refers to a reinforced concrete wall placed in a deep trench
usually 2-3 ft wide. The wall is constructed in increments, or panels. Panel lengths have
ranged from 7 to 20 ft, but in cut-and-cover construction they are usually 10-15 ft long. The

panel is excavated with a special clamshell type bucket. The sides of the panel excavation
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arc stabili/.cd by filling the panel with a bentonite ~lurry and maintaining Ihc level of the

slurry at or near the ground surface throughout the excavation.

Upon completion of the panel
excavation, a prcassembled

steel reinforcing "cage" is lowered into the slurry-tilled panel.
Concrete is then placed in the panel by tremie techniques,

displacing the slurry. It is
important (almost always)

in slurry wall construction that the joinls between panels be

watertight. The most common type of joint is formed with a circular end pipe. Figure 2.7

illustrates the joint configuration formed by this method.

END PIPE
REINFORCING (PLACED
COMPLETED STEEL CAGE AFTER PANEL
PANELS EXCAVATION

IS COMPLETE)

TREMIE SLURRY _FILLED
INTERIOR PANIo:I.
FACE CONCRETE

PANEL EXCAVATION
CUT-AND-COVER EXCAVATION
TO COMENCE AFTER COMPLETION
OF SLURRY WALL (TYP ALL
cONTINUOUS WALLYS)

Figure 2.7 : Plan or Section ofTypicai Slurry Wall. (Bickel et ai, 1997)

The end pipe is a steel tube inserted at one end of the excavated panel as a stop for Iremie

concrete. Some time after the start of the Iremie concrete pour, the end pipe is rotated to break

bond; it is subsequently slowly extracted to produce a formed, semicircular joint, which can

be cleaned when the next panel is excavated. The procedure shown in Figure 2.7 indicates

a
continuous  operation

in which one panel at a time is constructed,

setting the end pipe at the
leading edge. Another procedure

is to construct alternate “primary" panels, setting end

"secondary"  panels between
are many variations to the more
Slurry walls can be constructed

pipes at both ends. The resulting

primary panels are then
constructed. There

common  procedures  described.
in soil to depths exceeding 180 fl.
construction,  slurry walls deeper

1997).

For cut-and-cover
than about 100 ft are not common,

(Bickel et ai,
Diaphragm Walls are used generally where it is required

that the shoring wall be
water tight and where, at the same time, more wall stiffness or resistance to bending is needed

18



than can be. provided by heavy steel sheet pile sections. Diaphragm Walls have been

constructed in virtually all soil types, but usually in very sollto medium clays, saturated silts,

or saturated, loose silty or clayey sand. They are usually constructed where surface settlement
adjacent to the cut must be minimized. The stiffer of the diaphragm walls have been specified
in many urban cut-and-cover projects to obviate the need for under pinning adjacent
buildings. The construction of diaphragm walls cause much less noise and vibration than does
the driving of sheet piles, and a diaphragm wall may be chosen over a sheet pile in some
cases on this account alone. Where a diaphragm wall is to be used, the choice of the type will
depend primarily on the required stiffness and resistance to bending and shear, actual
subsurface conditions, and cost.

2.3 Shoring Wall Defonnation

2.3.1 Cantilever Walls

Sheet pile wall can be rigid and flexible depending on the stiffness of the wall and my deform
differently during excavation. Figure 2.8 shows the possible range of deformations for
perfectly rigid walls and for walls displaying flexure. Basically the range of behavior includes
translation and either rotation about the base or rotation about the top. In addition, wall
deformation ,vill include some bulging as a result of flexure the amount of bulging depending

upon the stiffness of the wall support system.

2.3.2 Braced Cut

The upper portion of internally braced walls is restrained from undergoing large horizontal

movement especially when braces are pre stressed and are installed at or close to the surface.

This produces the typical deformation mode as shown in Figure 2.9. The degree of rotation

\vill depend upon the toe restraint below the bottom of the excavation.
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Figure 2.8 : General deformation modes. (Goldberg et. ai, 1976)

I'BULGE"

Fixed or Slight Translation Rotation About Top

Figure 2.9 : Typical deformation of Braced-cuts. (Goldberg et. ai, 1976)
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Fixed or Slight Translation Rotation about bottom

Figure 2.10 : Typical deformation of tied- back (Goldberg et. ai, 1976)

2.3.3 Tied-Back Walls

If the top of the tied-back wall remains lixed, then the deformation mode is similar to that of

an internally braced wall (Figure 2.10). On the other hand, settlement of the wall, partial

yielding of the ties, gross movement of the soil mass, or shear deformation of the soil mass

may result in inward movement of the top and rotation about the bottom as shown in Figure

2.10. Nendza and Klein (1974) attributed the deformation mode of Figure 2.10, to a

combination of shear deformation, which contributed to inward movement of the top, and

flexure, which contributed to the bulging effect. If the soil mass embodied by the tiebacks

deforms somewhat as a unit, the pattern would be similar to that shown in Figure 2.11. Here,

the top moves inward toward the excavation and the earth mass mobilizes internal shear.

Such a deformation mode is not true for all situations, but is very likely in cases of an

unyielding base and with the bottom of the wall restrained from outward movement. Overall,
the defonnation mode of a tied-back wall is complex in that various factors develop in

different ways.
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SOIL

Figure 2.11 : Internal shear development, horizontal shifi aLtop relative to bollom. (Goldberg
et. al, 1976)

2.4 Construction effects

2.4.1 Effects on excavation

It is well known that construction procedures can have a significant effect on the performance
of excavations. Lowering of the ground water level either by pumping or by seepage into the
excavation can result in significant selllemenLs. These settlements could be associated with
consolidation of the soil or, inthe case of granular soils, the piping of soil into the excavation.
poor installation techniques for tiebacks or struts can lead to surface settlements. Tiebacks
should be carefully drilled to minimize the soil removed from holes. Also, any voids
remaining after Lhetieback is installed should be filled with grout. Struts, rakers, and wales
should be tightly wedged and preloaded to prevent movement of the wall. In addition, hard
wood or steel wedges should be used for shimming to reduce movements caused by crushing.
Earth beams when used to provide temporary support before installing a strut have been
observed to be of lillle value in preventing wall movement. Cole and Burland (1972) and
Hansbo, Hofmann, and Mosesson (1973) report cases where earth beams did little to restrict
wall movement. Even though the enlire support syslem may be in place. the sides of the
excavation may continue to creep inward with time. This problem appears to be particularly
acute in tied-back walls in very stiff LChard clays. There is also some evidence to indicate
that labging in soldier pile walls tends to pick up more load with time in all soils. Excessive

bulging or even failure of some lagging has been observed.
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2.4.2 Effects on neurhy structureR

The displacement occurring in the structures and soil mass adjocent to an excavalion will

have an effect on the choice of wall and the remedial or preventive measures required to

prolect the structures. The greater the amount of movement, the greater will be the protective

measures required. In sands and gravels and very stiff to hard clays, the wall type does not

cause deformation on nearby structures significantly. However,
stiffer support

in soller cohesive soils the

systems (concrete diaphragm walls) need to be used to limit movements to a

much greater extent than the more flexible soldier pile or steel sheet pile walls. If

displacements can be reliably predicted, particularly with distance behind excavations, the

effect that the movements will have on structures can be evaluated. While the magnitude of

settlement is a useful indicator of potential damage to structures, the amount of settlement

change with horizontal distance (settlement profile) is actually of greater significance. This

fundamental concept is related to the concept of differential settlement, as opposed to gross

settlement. Peck (1969) provided a normalized plot of ground settlement and the influence

zone for braced-cut as shown in Figure 2.12. The figure shows the influence zone can be as
far as 2 times the depth of excavation depending upon type of soil. Long-term settlement as

high as 7 in (180 mm) was observe at a distance of 22 ft (6.5 m) from the foce of the wall.

Som (1985) observed the influence zone up to 2 times the excavation depth and the

ma.ximum settlement adjacent to the not exceeding 1% of the depth of cut for Kolkata Metro

Tunnel where the soil condition is similar to Dhaka soil al some places (Figure 2.13). Figure

2.14 shows the building settlement due to Braced-Cut at Kolkata (Som, 1985). Some

buildings showed small and major damages in the form of cracks in walls and floors, while

some structures suffered moderate to sever damages during construction of Kolkata Metro

tunnel. Thus, it appears thai settlement of nearby building structure can be one of the major

challenges for construction of metro tUlUlelin Dhaka Detail analysis of the settlement of the

nearby structure was not within the scope of this thesis.

2.5 Tunnel Structures

2.5.1 Subway Line Structures

In cut-and-cover construction between stations, the subway trocks are usually enclosed in a
reinforced concrete double box structure with a supporting center wall or beam with columns
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(Biclcl 1.1 al. llyn). "l1llcselunnel slruclun s are commonly referred 10 :c; "lilic" ~;trili:llircs. The

track centers are normally located as close together as possible. In a typical double box section,
each train way will have a clear width of about 14-t5 d. depending upon width of vehicle and
clearancesto be provided for equipment and many ways. The number of opening depends on the
number of tracks or lanes. Transit or Railway tunnels are usually ventilated by the piston action of

the train, and except for fire protection they do not require air ducts. In Kolkata most of the
subway box for the Metro has been built by cut-and-cover construction. The method essentially
consists of putting two rows of vertical walls in the soil and suitably propping them against each
other by steel struts as the excavation is made when the final excavation level is reached the
subway box is cust and backfilling done to restore the original ground surface as the struts arc
progressively removed. The walls are normally 10m apart in the running sections and 19m at
stationsections. Where the cut is made wider to accommodate the platform and other services, the

depth of excavation was varied from 12mto 15m (Som, 1985). A further discussion about tWIDel
structureisgiven in Chapter 4.

2.5.2 Subway Stations

Station structures include the trainway for trains, boarding and off-boarding platforms, stairs,
escalators, fare collection areas and service rooms. If the line structure is two circular tunnels
constructed by tunneling methods, the station may be designed with a single centre platform
or side platform. If the line structure is a cut-and-cover double box subway line structure, the
station is usually of the side platform type, except at terminals where center platform arc

normally used to commonly with system standards (Bickel et ai, 1997). Detail discussion of
Tunnel Structures is also given in Chapter 4.

2.6 Structurat Design

The tunnel structure must be designed to have structural capacity sufficient to resist safely all
loads and infiuences that may be expected over the life of the structure. The principal loads to
be resisted are ordinarily the long-term development of water and earth pressures, dead load
including the weight of the earth cover, surface surcharge 10, and live load. The load

usually considered in design codes (i.e, AASHTO) are : (1) Dead Load (DL), (2) Live
Load (LL), (3) Impact (1),(4) Centrifugal Force (CF), (5) Rolling Force (RF), (6)
Longitudinal Braking and Tractive Force (LF), (6) Horizontal Earth Pressure (E), (7)
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Buoyancy (B), (8) Flood (FL), (9) Shrinkage Force (S), (10) Thermal

Force (). In
localions where there is a potential for signiflcant seismic activity, earthquake forces (EQ)

must be added.
2.6.1 Dead Load

The dead load to be considered for the design of cut-and-cover structures normally consists
of the weight of the basic structure,

the weight of secondary elements permanently
supported by the structure, and the weight of the earth cover supported by the roof of the

structure and acting as a simple gravity load. The design unit weight for the earth cover

should not be taken as less than 120 pcffor dry fill or less than 130 pcf for moist fill.

2.6.2 Live Load

Live loads may include pedestrian loading as well as subway vehicle loads. However, in a
tunnel of one-story high, pedestrian live load, subway vehicle live load, impact load, and
other dynamic loads are ordinarily transmitted through the invert slab directly to the

supporting ground and, as a consequence,

have little or no effect on the
proportioning of the structural elements of the tunnel. These loads will normally affect the

basic s\ructural design only if the tunnel is two or more stories in height. Cut-and-
cover subway structures must also be designed to support surface tramC loading or
other live loading. For structures below a depth of 8 ft, a uniform live load of300 psf
is commonly used for this purpose. For structures having less than 8 ft of earth cover,
common practice is to design the roof of the subway structure for the more severe of
the following two conditions: (I) Actual depth of cover plus superimposed HS 20-44 wheel
load distribution is accordance with AASHTO requirements. (2) An assumed future cover of8 fi
plus a uniformlive load of 300 psf(Bickel et ai, 1997).

2.6.3 Hori7.onlal Earth pressure

Hori7.0ntalearth pressure may be considered to be lateral pressure due to both retained
soil and retained water in soil when water is present. Hori/.ontal earth pressure may include
the effect of surcharge loading resulting from adjacent building foundation loading, surface

traffic loading, or other surface live loading. All of these components of earth pressure



must he evaluated hoth in terms of present conditions and future colcliljoll~; Whore

future changes could adversely affect the subsurface structure, needed protective

-~ 7 &=Lk - loh affivatraiy:

0<1glna) GWI

Concret. Box

LOHO- TERM LOADING

Minlmum Pressures

SHORT.TERM LOADING

Figure 2.15 : Loadings diagrams for the desil, Tof concrete box structure (Bickel et ai, 1997)
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measures to mitigate the adverse effects might not be foreseen and might be

extremely costly to add to an existing structure. Figure 2.15 shows typical
pressures on a concrete tunnel box.

earth

2.6.4 Other loads

() Buoyancy: When the groundwater table lies above the bottom of the invcrt or basc
slab of a subsurface structure, an upward pressure on the bottom of the base slab,
equal to the piezometric head at that level, must be accounted for. For a rectangular
box, this upward pressure multiplied by the width of the base slab is the buoyant
force (B) per lineal ft of structure. When the reliable minimum weight of the
structure plus the fill above the structure (DL min.) exceeds B by an adequate
factor of safety (FS), the structure is considered stable against uplift due to B.

(2) Flood (FL) : Where there is a potential for river noods or other nooding that could
add loads to subsurface structures, the design of the structures should allow for this

loading as required by the particular type of structure and the conditions affecting
each location.

(3) Shrinkage and Thermal Forces : Between transverse joints in cut-and-cover tunnel
structures constructed of reinforced concrete, shrinkage forces and thermal forces are accounted
for by the longitudinal reinforcement in the walls, roof, and invert slab. The stresses produced
by these forces are typically normal to the principal stresses caused by DL, LL, and | and,

therefore, do nOtenter into frame analysis of the structure.

(4) Earthquake Forces: Major codes that address the seismic design of surface structures in the
United States contain no provisions for.underground structures. The genera! view is that
underground structures are much less affected ~seismic motion than are surface structures.
Although this view is substantiated by limited observations of the performance of underground
structures during seismic events, some severe damage has been reported. In areas identified as
subject to significant seismic activity, it is therefore necessary to determine the extent to which
earthquake forces (EQ) should be considered in the desigll In making this determination, the

importance of the structure, the consequences of damage due to EQ, the type of soil in which
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the structure is founded and the potential for liquefaction, and the localion of potentially active

faults at or in the vicinity of the site should all be considered.
2.7 Loading Cases

Cut-and-cover tunnel structures retain earth but are not free to yield significantly. Nevertheless,

there is a need to consider unbalanced and other a typical loading on these structures. The

particular cases to be analyzed will depend on the type of structure, its location, the type of

ground in which the structure is founded, the location of the ground water table, and local

factors. All reasonable foreseeable temporary and pennanent loading cases that would affect

the design of the structure should be investigated. The system design criteria developed by

Washington  Metropolitan ~ Area Transit Authority for reinforced box and station section

specify that, as a minimum, the following three basic loading cases be investigated:

Case | :
Full vertical and Long-term horizontal load, Case Il : Full vertical load, Long-term horizontal
load on one side, and Short-term horizontal load on other side, Case Il : Full vertical load with

short-term horizontal load neglecting ground water pressure on both sides.
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CHAPTER 3
GEOTECHNICAI CHARACTERIZA nON

3.1 Introduction

Geotechnical characterization is rcquired to develop generalized soil profiles, to
investigate the variation of the soil properties with depth, and to establish approximate
correlation among different geotechnical properties of the sub-soil. Soil types and
properties generally dominate underground construction and the required earth retention
systems. For the purpose of metro construction the soil in the top 30 m (100 ft) is of
immediate relevance (Som, 1985). The geotechnical characterization presented in this
chapter focused on characterization of a soil profile along a Metro tunnel alignment
assumed for Dhaka City. Construction of a metro tunnel has been assumed along the

existing rail road from Tongi to Kamalapur.

Bashar (2000) characterized subsoil of Dhaka through collecting about 300 sub-soil
investigation reports consisting of data of 674 boreholcs from different drilling
companies, civil consulting firms and other organizations of different places of Dhaka
Metropolitan area and through conducting soil tests. Majority of the borings were drilled
upto depth of 50 fl to 60 ft and a few borings were drilled upto 100 ft. Dhaka city map,
bounded by longitude 90'20' to 90'27' E and 23'41' to 23'53' N, has been divided into

grids by four longitudinal grid lines along north-south direction and five cross grid lines
along East-West direction. These grid lines were spaced at 2 minutes interval. All
borehole site location points were then inserted on the Dhaka city map to develop the soil
profile. Serajuddin et al. (200 1) also conducted a systematic characterization of Dhaka
City, dividing the city into ten different zones. Data of Bashar (2000) and Serajuddin et.
al (200 1) were used in this research to characterize the subsoil for construction of metro

tunnel in Dhaka.

3.2 Geological and Geotechnical Condition of Dhaka City

The subsoil of Dhaka generally consists of Madhupur clay fommtion of Pleistocene age

overlain by a fine to coarse grained Dupi Tila sand formation of Pliocene agc. High and
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low land alluviums of recent age cover the formation at some places. The alluvium
deposit consists of stream deposits, natural levee and back slope deposits, swamp deposits

and inter-stream deposits. Table 3.1 shows the strartigraphic succession of subsoil in and

around Dhaka city (after Alam, 1988).

Dhaka Terrace, constituting of the southern portion of the Uplifted Pleistocene Madhupur
Tract, generally covers the whole area of the city. At the surface across the uplifted track
is the Madhupur clay with thickness varying from 20 ft to over 100 ft. The Madhupur
clay surface is over 730,000 years old and consists of tough overconsolidated redish
brown to grey silty clay (Ahmed et al. 1999). The elevation of the Dhaka terrace ranges
from about 6m to 12m (20 to 40 ft) above surrounding floodplain. At the margins of the
Madhupur Tract are the recent flood plain deposits of the river Turag, Buriganga, Balu

and Tongi. The Madhupur Clay overlies fine to coarse grained micaceous, quartzo-
Dcdspathic sands of the Dupi Tila Formation. These sands arc approximately over 300 to

400 ft thick in Dhaka. At the top of the Dupi Tila Formation are fine silty sands which

grade downwards into fine/medium grained sands and medium/coarse grained sands with

gravels toward the base.

Table 3.1: Stratigraphic succession in and around Dhaka city (After, Alam, 1988)

Age Formation | Lithology Thickness
Holocene Low land alluvium consisting of river bed deposit
Alluvium of medium to fine sand and silty sand, 0-40 ft

High Tand alluvium consisting of silt, sand and clay

Pleistocene | Madhupur | Red slightly to heavily overconsolidated plastic | 20 ft to

Ctay Clay withsittor fime sard over 100t
Pliocene Dupi Tila | Medimum to dense yellowish brown sand or [ Over 300
sand sandstone n

Karim et. al (1993) divided the city into three geomorphological units as: ) the central
high area, 1) complex high and low areas, and Ill) complex low area, as shown in Figure
3.1. The central high area comprises of Madhupur Clay and is covered by indigenous

surface soils in places. The area covers from extreme part of Tongi to the south part of
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Dhaka city. Toward the east and to the west at some places of the central area. a complex

landform of high and low areas have devclopcd. It is characterized by saddles of

Madhupur clay alternating with gully type depressions that have been filled at many

places. The ground condition of the complex high and low area is medium stiff red clay,

uncompacted red soil, soft organic clay and munieipal waste fill. Depth of the upper

complex soil condition ranges from 6 ft to 16 ft (Karim et al., 1993). Around outskirt of
Dhaka- Tongi area, the river Buriganga, Turag, and Balu drain a complex of low lying
alluvial plains. This complex is formed of natural levees, point bars, sand bars, abandoned
channels. other floodplain deposits and other depressions. The soil in this area consists of
organic clay-silt, silt and fine sand. Figure 3.1 shows that the existing railway line from

Tongi to Kamalapur station generally lies on the central high area (Area ) consisting of

Madhupur formation, except a small part on the South-East. Part of the traek on South-

East (Kamalapur and Khilgaon area) fall in the eomplex high and low area (Area II).

Table 3.2: Index properties of Dhaka Clay (After Uddin, 1990)

Properties Range of values
Liquid Limit 39-50

Plastic Limit 18-25
Plasticity Index 18-29

Clay content 15%-35%

Sand content 0%-11%

Silt content 35 %-85%
Water content 17%-37%
Activity 0610 20

according USCS

The Madhupur clay of Pleistocene age in the central area and other area is slightly to

heavily overcollsolidated clay with overconsolidation ratio of 2.7 to 3.0. Consistency of

this Dhaka clay appeared to vary from soft to very stiff with the undrained shear strength
ranging from 260 psfto 4000 psf (12.5 to 200 kPa), Bushar (2000). The soil is active clay

showing expansive behavior when come in contact with water. Table 3.2 shows the
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typical index properties of the Dhaka clay, after Uddin (1990). Depth of the clay layer
appeared to vary form 20 ft to over 100 ft. This reveals that a metro tunnel construction
along the existing rail line would pass through the clay and underlying sand stratum in the
central high area. However, the excavation on the South-East would face a complex
ground of high and low land at shallow depths (6 ft to 16ft). Detail geotechnical
characterization of Dhaka Clay along the existing rail road is discussed further in the

following sections.

Figure 3.1: Geomorphological units of Dhaka (Karim et al., 1993)
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3.3 Geotechnical Characterization hy Scrajnddin et al (2001)

Serajuddin et al. (2001) conducted a systematically study for geotechnical

characterization of the subsoil of Dhaka city and summarized the results including those

from many geotechnical investigations carried out for small to large scale public and

private construction projects in the city over last three decades. Results of about 249

undisturbed and 3500 disturbed soil samples from 203 boreholes of varying depths in
different areas of the city were analyzed and presented in Scrajuddin et al. (2001). Ten
heavily populated zones within the city where major infrastructures developed over the
last few decades, were considered for the geotechnical characterization.

Figure 3.2 shows

the 10 zones considered starting from North (Uttara Model'Town) upto South part of the

city (Jatrabari). Areas covering in each zone are summarized in Table 3.3. Figure 3.3
shows the subsoil profiles from the boreholes of different zones. The average N-values
from Standard Penetration Tests (SPTs) for every 3 m depth of sandy soils strata and the
range of the average unconfined compression strength, qu of the undisturbed cohesive

samples taken from the different sites are shown along the sides of the typical borehole in

Figure 3.3. Unified Soil Classification System (USCS) symbols have been used to

describe the soil in the stratum. Strata depths are shown with respect to the existing
ground level (EGL). It is evident from the soil profile (Figure 3.3) that a deep sand layer
is present in the region underlying the upper clay and/or silt layer of various thicknesses
as expected from the geological profile discussed earlier. The thickness of the clay and

silt layer appears to vary from 5 m to greater than 20 m (16 fl.to 66 fl.)from the boreholes
in Figure 3.3.

The thickness of the clay layer is almost uniform (varied between 5 m and 8m) on the
south, but increases toward the north (Area 1). The soil in the upper clay layer varied
from light brown, reddish brown to red in color and medium to very stiff in consistency.

N-values in the clay layer varied from 5 to 20. Table 3.4 shows the geotechnical

properties of the upper cohesive layer for each of the zone considered. The underlying

sand layer is predominantly medium to dense sand (N values varied from 10 to above 50),
except in the northern zone (Zone 1) where N values are sometime less than 10.
Unconfined compression strength of the clay varied from 7 psi (50 kPa) to 69 psi (250

kPa), resulting in the undrained shear strength between 25 kPIlI (520 psf) and 125 kPa
(2600 pst).
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Table 3.3 : Areas Covering different zones of Dhaka City

Zone No. Areas included

Zone | Uttara Model Town Area

Zone 2 Banani Gulshan Model towns & Mahakhali Commertial Area
Zone 3 Tejgaon Commercial Area

Zone 4 Mohammadpur, Lalmatia and Dhanmondi Residential Areas
Zone 5 Sher-e-Bangla Nagar Area

Zone 6 Eskaton, Mogbazar & Minto Road

Zone 7 Nilkhet, Palashi & Chankharpul Areas

Zone 8 Segun Bagicha, Purana Paltan, Topkhana Areas

Zone 9 Motijheel & Dilkusha Commercial Area

Zone 10 Jatrabari Area

Figure 3.2: Map showing different zones of Dhaka City (after Serajuddin et al. 2001)
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Figure 3.3 indicates that depths of clay stratum can vary significantly even in an area. For
example, Zone | (Ultara model town) indicated by soil profiles | to 5, shows that high
plastic clay stratum can vary from depths of 5m (16 ft) (profile 4) to as deep as greater than
20m (66 ft) (profile 5). Profile 2 does not show any evidence or the clay layer, hut start with
a plastic silt layer. Thus, a site-specific geotechnical investigation would he required for
implementation of any engineering project in any of the areas. However, a general
conclusion can be drawn as the upper 5m (16 ft) to 8m (26 ft) of Zone 1 contain high
plastic material (plastic silt to higWy plastic clay) for qualitative assessment of soil profile
within the region. A similar soil pattem was obtained in the other zones (zones 2 to 10),

with various depths of the cohesive layer.
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Figure 3.3: Some typical borehole profiles of Dhaka City (after, Serajuddin et al. 2001)
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Table 3.4 : Overview of the soil properties of different regions, Aller Scmjuddin at al.
(200 1)

| [roseleRReran-0o- Water | | | |
content
Areas 0.075 qu
0.002 (mm) W~ |[LL PL [ Gs ] co OCR
(mm) (psi)
(04
\"v]
20.4- |30- 8- | 2.67- 10.44- | 0.626- 1.18-
Zonc 1 65-99 14-33
| | | 331 | +3—41 | 2+ | 5348 | 6-864 | A7 |
19.5- |37- 12-| 2.67- 9.85- 0.542- 1.36-
Zone 2 61-99 11-40
30 62 36 272 5787 1013 — 432
I I I I I I I I
Zone 3 18.7- | 34- 10- | 2.67- 6.18- 0.603- 1.38-
65-99 11-40
385 63 33 276 66.25 0-845 4-60
18.2- | 36- \2 -| 2.67- \6.81- 0.657- 1.47-
Zone 4 61-99 11-30
| | N R B D R
Zone 5 16.8- | 52- 25 -| 2.68- 11.92- 0.596- 2.14-
89-100 15-23
25.2 65 35 2.7 64.97 0.700 418
\8.0- [34- 12-| 2.68- | 11.8\- | 0.652- \.45-
Zone 6 84-99 13-24
29.7 59 31 2.75 67.01 0.746 2.90
19.2- | 51- 2\ -| 2.67- 10.28- | 0.572- 1.84-
Zone 7 80-100 14-29
26.3 66 35 2.7\ 42 86 0740 389
20.5- | 38- 18-| 2.67- 14.23- | 0.529- 1.59-
Zone 8 61-93 13-25
25.6 | 65 31 | 2.73 | 4772 | 0.786 | 471 |
I I
l 78-91 10-17 22.0- | 38- 14 -] 2.67- 20.3- 0.579- 1.96-
Zone 9
28.6 o4 26 271 62.07 0.652 2.93
21.4- | 46- 20 - 8.63- 0.573- \.55-
Zone 10 77-90 20-22 2.69
342 60 238 52.34 0.588 2.0/
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3.4 Gcotcchnical Charactcriation by Ba.har (2000)

Bashar (2000) collected geotechnical data and conducted field tests to characterize
subsoil of Dhaka city. The city was divided into grids as shown in Figure 3.4. In this
study, four grid lines along North-South direction and five grid lines along East-West
direction have been considered. Thus, in both directions, a total of 9 grid lines have been
taken. The grids in the North -South direction and East-west direction were spaced at 2
minutes interval. The longitude and latitude of the nine gridlines are as follows: (i)
Gridline A-A' : 90.21'E (ii) Gridline B-B' : 90.23'E (iii) Gridline C-C' : 90.25'E (iv)
Gridline 0.0' : 90.27E (v) Gridline 1-1' : 23.43'N (vi) Gridline 2-2' : 23.45'N (vii)
Gridline 3-3: 23.47'N (viii) Gridline 4-4' :23.49'N and (ix)' Gridline 5-5' : 23.51'N. In
North-South direction, four grids marked as A-A', B-B', C-C', D-D' and in East-west
direction, there are five grid lines, designated as 1-1',2-2',3-3',4-4' and 5-5'. There are
altogether 20 grid points. Each grid covered a width of about 3.68 km. Thus each grid
point covered an area of about 3.68 krn x 3.68 krn (i.e., 13.54 krn?. The co-ordinate and
location of points are presented in Table 3.5. Soil data were sorted on the basis of
applicable study area grid line and locations. Boreholes within the vicinity to the relevant
grid were picked for the grid points. In order to characterize the grid section, the
representative data were identified by visual inspection. Data arc then used for plotting of
soil profile and contour maps. As expected from the geological features of Dhaka, a clay
layer with variable thickness was observed from the boreholes, which was underlain by a
sand formation. Figure 3.5 shows the depth of clay layers from the existing ground level.
It is revealed from the figure that the depth of the clay layer is generally 20 to 30 ft, with
localized variations at some places. The topography of Dhaka city is shown in Figure 3.6.
It can be seen from Figure 3.6 that the elevations on Dhaka city vary from level 5.850m
PWD to 7.790 m PWD. Elevation of surrounding areas varies from 2.940m PWD to
5.850 PWD. Apart from some depression areas, pond channel or low land, the ground

level of Dhaka metropolitan area can be taken as almost at the same elevation.

Soil investigation data of Bashar (2000) has been reviewed with a goal to develop a soil
profile along the assumed tunnel alignment. As mentioned earlier, the tunnel alignment is
assumed along the existing rail road from Tongi to Kamalapur. A geological profile is u
graphical representation of underground condition along a given typical line on the

ground surface. The arrangement of various soil layers can be best shown in the form of

3S



Figure 3.4 : Map of Dhaka city showing Borehole locations (after Bashar, 2000)
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Figure 3.5 : Grid Point Locations and Depth of Clay Layers from existing ground level
(After Bashar. 2000)
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geological p~ofile or soil profile. In order to clearly show the various soil layers, an
exaggerated vertical scale has been used. However, the exact condition of geological
prolile as compared to the actual soil condition depends upon the nature of ground and
the spacing of the borings. If the soil conditions are erratic, the arrangement of various
layers may differ considerably fTOmthe interpolation. In that case, the soil profile should

be used considering that point.

Table 3.5: Co-ordinate Values at Grid Points

Grid Co-ordjnates Borehole location

Point Longitude in\un Latitude in km

A-2 535 2627 Basila

A-3 535 2630 Cotbari,Mirpur

A-4 535 2634 Botanical Garden, Mirpur
B-1 539 2623 Lalbagh

B-2 539 2627 Kalabaghan

B-3 539 2630 Kafrul

B-4 539 2634 Mirpur, Sector-11

B-5 539 2638 Bhasantech

C-l 542 2623 Wari

C-2 542 2627 Malibagh ehowdhurypara
C-3 542 2630 Gulshan

C-4 542 2634 Joarasahra

C5 542 2638 Oakhinkhan

0-1 546 2623 Kajla, Jatrabari

0-2 546 2627 Matherteck

0-3 546 2630 Satarkul

For the purpose of plotting profile along typical tunnel alignment, it is necessary to
collect data of the points situated ncar to the Railway line. For soil profile through
Kamlapur to Tongi Railway line, the soil profile data of grid line, C-C' and 2-2' of Bashar
(2000) will be used, since the grid point on these gridlines are closer to the rail line.

Section 2-2' passes through very close to the East-West part of the rail line. Figure 3.7 and
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Figure 3.8 show the soil profile along grids C-C' and 2-2', respectively. To establish soil
profile, soil layers are classified on the basis of the following factors; (I) Soil grain (2)
Soil type (3) Soil consistency and (4) Soil density. The coarse grained soil (more than
50% of materials is coarser than No. 200 sieve size) are classified into five classes,
designated as SI, S2, S3, S4 and S5 (Bashar,2000). The descriptions of the coarse grained
soil and their symbols are presented in Table 3.6.

Table: 3.6: Classification of Soil Strata Composed of Coarse Grained Soil

(Raqhar ?Oﬂﬂ)

CLASS SYMBOL DESCRIPTION N-VALUE
TERM FROM SPT
Sl VERY LOOSE 0-4
S2 LOOSE 4-10
(111 | i
S4 DENSE 30-50
S5 VERY DENSE >50

me

The fine-grained soil (more than 50% of materials in finer than NO.200 sieve) layers have
been classified into six classes mainly on the basis of consistency and SPT (Bashar,2000).
These are designated as Cl, C2, C3, C4, C5 and C6. The descriptions of fine grained soil

and soil group symbols are presented in Table 3.7.

Figure 3.7 shows that depth of the clay layer is less toward the south and increases on the
north, as those observed in Serajuddin et al. (2001). Depth of the clay on the south is
around 20 ft, while the depth on the north was found as 78 ft at Joar Sahara and greater
than 100 ft at Dakhin Khan. However, the deep clay layer on the north is stiff to very
stiff, facilitating excavations. For the East-West part, Figure 3.8 reveals that the depth of
the clay layer to the east ofKawran Bazar is around 40 ft. Borehole to the east ofKawran

Bazar has been considered, since the existing rail road is situated to the east.
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Table: 3.7: Classification of Soil Strata Composed of Fine Grained Soil

CLASS SYMBOL DESCRIPTION TERM N-VALUE
FROMSPT
Cl VERY SOFT 0-2
C2 SOFT 2-4
C3 [[[[IJ MEDIUM STIFF 4-8
C4 STIFF 8-15
C5 VERY STIFF 15-30
—
C6 HARD >30

Table 3.8 presents a summary of the range of the parameter for the grid points C-I, C-2,
C-3, C-4, C-5, 2-C and 2-D that are within the portion of the existing rail road. In the top
layers (depth upto 30 ft ) of grid locations C-1 to C-5, soft to very stiff clays have been
identified (Figure 3.7). N-values, LL, Pl and wn in these locations were found to vary
from 2 to 26, 35 to 56, 17to 36 and 17% to 37%, respectively. The values qu, Coand eo
ranged from 14 psi to 53 psi, 0.05 to 0.18 and 0.52 to 0.8, respectively. At large depths,

upto 100 ft, sandy soil exist which have been classified as S3 and S4.

3.5 Soil profiles along Tunnel alignment

The longitudinal soil profile along typical locations from Kamlapur Rail Station to Tongi
Bridge that covers the area of Uttarkhan, Dakhin Khan, Uttra, Khilkhet, Joar Shahara,
Nadda, Kalachandpur, Baridhara, Gulshan, Badda, Rampura, Tejgoan, Maghbazar,
Malibagh, Khilgaon, Mathertak, and Kamlapur was estabilished from relevant borehole.
As mentioned earlier, gridlines C-C' and 2-2' of Bashar (2000) lies close to the alignment

and therefore the borehole data from those locations were used.
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Table: 3.8: Range of soil parameters within the Grid Points C-l, C-2, C-3, C-4, and C-5

Grid | Depth N- LL Pl (%) Wn Sand Silt Clay qu eo
Poimt (ft) Vatue (90) 96) 9%) 96) 96) (pst)
C-l 0-30 6-26 35-55 | 17-26 | 18-21 | 3-7 65-75 6-20 | 21-26 | 0.63-0.75
30-100 | 21-50 - - - 70-90 9-39 - - -
C-2 0-30 2-15 48-56 | 24-36 | 17-35 | 4-12 | 66-68 | 20-28 | 14-23 | 0.56-0.70
30-50 42-9U - - - o/-0Y 11-15 - - -
C-3 0-30 9-13 37-47 13-23 | 18-25 | 6-28 | 63-76 8-18 | 31-35 | 0.52-0.57
30-80 =37 = - - 80-96 T 4-20 - = -
C-4 0-25. 5-16 40-54 | 15-28 | 20-37 | 6-20 | 68-70 | 12-27 [ 18-33 | 0.62-0.70
Z25-100 11-27 - - - ol-of 15-19 - - -
C-5 0-28 3-15 40-42 | 20-32 | 17-23| 6-28 | 66-78 | 7-20 24-53 | 0.56-0.80
28-50  20-50 - - - 84-93  7-16 - - -

Soil profile has been established along tunnel alignment arranging layers in accordance
with the description provided in the Table 3.6 and 3.7. Figure 3.9 shows soil profile
through the assumed tunnel alignment. As applicable in other grid profiles, cohesive
stratifications have been found at top, which are subdivided into two to three layers, most
of which layers are characterized as soil types C3 and C4, corresponding to medium stiff
to stiff consistency. At relatively large depths, usually granular soil layers have been
encountered except at some locations. Soil S3 and S4 layers, corresponding to medium to
dense sand, have prevailed throughout longitudinal section. It is to be noted that at
UUarkhan and Dakhinkhan areas, cohesive layers were encountered upto depth of 30m
(100 ft). No sandy layers could be located up to this depth. The cross profile along typical
locations starting from Khilgaon Railgate to Kawran Bazar is also shown in Figure 3.9
(based o011 grid line 2-2' of Bashar, 2000) to cover the railway linc. It has bcen obscrved
that the top layers are usually cohesive up to a maximum depth of about 40 ft, which
consists of clay types C1, C2 and C4. Thus, surface soil of very soft to soft consistency

was encountered, as expected from the geological profile. The area lies
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Figure 3.9 : Soil Profile Through Kamalapur to Tongi Bridge



on high to low alluvium zone (Karim et al., 1993). llowcver, the soft clays (C 1or C2) are

limited up the depths of 10 to 12 ft, underneath of whieh medium to stirr clay exits. The

underlying layers arc granular deposits, which consist of several sandy layers. The sand

types are mainly S3, S4 and S5 types with medium to very dense consistency.

Based on the borelog information presented in Figure 3.9, typical soil conditions along

railroad are assumed as shown in Table 3.9. In order to arrange the data in a tabular form,

this route is divided into Il zones. There are minimum 1to maximum 5 boring has been

accomplished in each zone. The worst and the best soil conditions arc selected according

to the class and depth of upper clay layer revealed from the Boreholes. The depth of

boring has been varies from 40 ft. to 100 ft. When the boring depth is limited up to 40 ft,

and no sand layer was encountered within this depth then the cell in the table is kept

blank.
Table: 3.9: Typical soil condition along the tunnel route
Soil dncm’ir\finn fraom reholes Assumed. sail Prr\filn
B. Hole Clay layer Sand Ipyer
Location (Fig.3.9) |Class Depths,ft | Class Depths, | The Worst case The Best case
A\
Kamlapur |BH: 1 | C+C)+C, | 12+8+20 - - Clay: 40 fl with Clay: 35 fl C4
to i . _ i C" C, and C, as
Khilgaon ohe =3 oY i i 12ft, 8ft and Sand: 53 beyond
Railgate | By 3 Cx 35 5345445, 25426+ 20ft 35 ft
14 Sand: S, beyond
bH.4 C1+C, 1UTSU 9, ZU 40—+t
Khilgaon BH: 5 C, 35 S)+S4+Ss 35+20+ | Clay: 22 1\with Clay: 35 1\C4
to Malibag i C, and C, as
- 10ft and 12ft Sand: S3and S,
BH.6 C, +C, 10+12 S)+54 10+8 Sa"d: S3heyond as (351\ and
221\ beyond)
Malibag to | BH:7 C+C> 10+13 S, 37 Clay: 40 ftC, Clay: 30 ft with
- Cc+C 14+416 | S+54+S, | 30420+ C, and C, as
Kawran BII: 8 T ' ' Sand: S3and S, as 14ft and 161\
Bazar 20 (20ft and Sand: S3and S,
i beyond) as (30ft and
BAY C, 40 939, 2UTau beyond)
Kawran BIl: 10 C4 20 S4 30 Clay: 65 ftC, Clay: 20 1\C,
Bazar to 3
Tcjgaon BII: 11 C)*Ca 17+6 S3 7 Sand: Ss bcyunu Sand: S4 beyond
ITA BH: 12 C, 65 S, 35 B5 1\ 20 1t
Tcjgaon BH: 13 C,+C, 10+20 S,+S, 16+14 Clay: 30 1\with Clay: 271\ C,
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Table 39 Caontd
1/\ to 011: 14 Cl.fC, 10127 SIIS"IS., JR1101 Cirmm Cy wi
Mohakhali 20 I0Itand 201t Suud: S) und S"
DOHS Sand: S, and S, as as (18ft and
BH: 15 C, 27 S,+S, 18+15 (16ft and beyond) beyond)
BH: 16 C,+C, I5+7 S, 18 |
Mohakhali BH: 17 | C+C,+C, 10+15+9 S,+S, 26+40 Clay: 34 ft with Clay: 25 ft with
DOHS C" C, and C, as C, and C, as
to Banani en: 1o T T N > I0ft. 15ft and 10ft and 15ft
Graveyard | BH: 19 C,+C, 10+15 S, 35 oft Sand: S, beyond
Sitnd: S) and Ss as 25 ft
BH :20 C, 30 S, 30 (26ft + beyond)
BH: 21 C, 23 S, | 27
Banani BH:22 C,+C,+C, 8+15+10 S, 27 Clay: 34 ft C, Clay: 77 ft with
Graveyard C, and C, as
to Cant. S > * | > | = Sand: S3 beyond 17ft, and 60ft
BH :24 Co 40 S, 30 40 ft Sand: S, beyond
771t
BH 25 C,¥C, T7+00 S, 23
Cant_to BH 26 C+C 17+60 S 23
Khilkhet
Khilkhet BH:27 C, 40 S, 20
iva)
Azamour
Azampur BH: 28 | C,+C+C, 20+50+5 S, 25 Clay: 26 ft with Clay: 75 ft with
to Ultra cooa o iian C, and C, as Sit C, C, and C,
B .ed e et ST T and21 ft as 20ft. 50 ft
BH: 30 | C+C+C, 17+53+6 - - Sand: S, and S, as and 5 ft
+C, o (14ft and Sand: S, beyond
ST beyond) 75 1t
Ultra BH: 31 C,+C,+C, 17+53+6 - - Clay: over 50 ft Clay: over 100 ft
to Tongi +C, C, and C, with C,. C,
: +24
Bridge and C,
BH :32 C,+C, 5+45 - -

To estabilish the soil parameters of the soil encountered along the profile, test results and

available correlation have been wused. Correlation

between

unconfined

compressive

strength(qu) and N-value obtained from SPT were found by McEarthy (1977), Boweles

(1988), Serajuddin (1996) and Bashar(2000)

is qu= kN, where k is the proportionality

factor. Serajuddin and Chowdhury (1996) suggested the average value of k = 16 for

Dhaka metropolitan

relationship becomes

city when qu is expressed

qu=N/3 Ksf.

in kPa. When expressed

McCarthy (1977) has shown the following correlation between qu and N :

and

qu= N/2.S5 ksf(for silty clay)

qu=N/2 ksf ( for clay)

50

in ksf, the

(3.1)

3.2)

(3.3)




130wles (1988) suggested a correlation between 4uand N as

qu= N/4 ksf. (3.4)
Relationship between quand N expressed by Bashar (2000) is as follows:
qu= N/2.77 ksf (3.5

Table 3.10 expresses thl: estimated parameters for fine grained soil. This table includes

the types of clay which is classified from C1 to C6, the value of undrained cohesion (C),

void ratio (e), water content (w), specific gravity of soil solids (G,), dry unit weight (Yd),

saturated unit wt (y,ot), effective unit wt (y). The estimated minimum, average and the

maximum cohesion values are included in the table.

Table 3.10: Values of different soil parameters composed of Fine Grained soil

Class | Undrained Void | Water Specific | Dry Saturated Effective
Cohesion Ratio, | Content, | Gravity | Unit Unit wt, Unit wt,
Cu (ps!) e w(%) of Soil | Weight, | Ysut(lb/ft3 y'(Ib/ft3)
_ solids, | Yd(Ib/ft3)
Min™  Max™ | Typi A
C" c" calC”
Cl! 300 864 | 400 0.88 31 2.84 94.2 123.4 61.0
C2 800 1400 [ 900 0.83 27 3.07 104.7 132.9 70.5
C3 1656 1872 | 1600 | 0.79 26 3.04 105.9 133.5 711
CZ | 2232 2520 [ 2400 | 0.75 | 24 | 313 | 1 15 1383 75.9
—Cb [ 2502 3816 [ 3000 | U.62 2T | 295 [ 1136 | 1395 77.1
Co 3888 4000 4000 0.58 19 3.05 120.4 143.3 80.9

* | psf= 0.048 kpa

Table 3.11 presents the soil parameter for coarse-grained soil estimated from the SPT N-
values. This table includes the types of sand, which is classified from S1to S5, the value
of angle of internal friction (1), void ratio (e), water content (w), specific gravity of soil
solids (G,), dry unit weight (Yd),saturated unit wt (Y,u,)effective unit wt (y") according to

the class of sand.
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Table 3.11: Values of different soil parameters Composed of Coarse Grained Soil

Class [ Angle of | Void Water Sp.gr.  of | Dry Unit | Saturated Effective
internal Ratio, e | Content, | soil solids, | Weight, Unit wit, Unit wt,
friction, ¢ w(%) Gs Yd(Ib/ft) | s, (1) | y'(Ibift)

Sl 15 0.88 31 2.84 94.2 123.4 61.0
S2 20 0.83 27 3.07 104.7 132.9 70.5
S3 30 0.79 26 3.04 105.9 133.5 71.1
S4 35 u./7%. 24 3.13 1115 156.0 19.9
S5 40 0.62 21 2.95 113.6 137.5 75.1
Table 3.12: Soil cases considered for analysis of earth retention system
Ground Depths Soil Sat. Estimated Comments
case (ft) type Unit wt. |strength
(Ib/tt) parameters
Case | 0-30 C4 135 Cu - 2400 psf |Typical case
>30 S)IS4 134 ¢ = 32°
Case I 0-10 C 123 Cu - 400 psf | Typical case
10-30 C4 135 Cu -2400 psf with soft
> 30 S)/s4 134 o = 32" clay
Case Il 0-20 C2 130 Cu =900 psI" Shallow
>20 S)/Ss 134 » = 32" clay
Case IV 0-12 C, 123 Cu =400 psf
12-20 C2 130 Cu - 900 psf A complex
20-40 C) 132 Cu = 1600 psf case
>40 S) 132 ¢ = 30"
Case V 0-65 C2 130 Cu - 1000 psf | Worst case
>65 S4 136 » = 35"
Case VI 0-17 Cs 130 Cu = 3000 psf The best
17-77 C. 131 Cu - 2400 psf case
>77 5; 132 e - 30"
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Considering the soil profile and the soil parameters discussed above, six general eases of
ground condition has been chosen for analysis of earth retention system for construction
of tunnel in Dhaka city (Table 3.12). Rankin earth pressures expected on a retaining
structure under these soil conditions are compared in Figure 3.10. Earth pressure with the
depth of clay layer less than or greater than the expected excavation depth (50 ft) are
plotted separately in the figure. It is revealed that the earth pressure is almost same for the
soil conditions in Case I through 1V, except some variation at shallow depth. Among the
soil conditions, the Case Ill with shallow depth of clay (20 ft) appear to produce
maximum active earth pressure in Figure 3.10 (a). Thus, the case has been considered
further for analysis of earth retention system, as discussed in Chapter 5. The worst and the
best soil conditions (Case V and Case VI) encountered are also considered. Detail design
of the earth retention systems for construction of the metro tunnel in Dhaka is discussed

in Chapter 5.

EarthPressure, psl EarthPressure, psl
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(@) Clay depth less than excavation depth (b) Clay depth greater than excavation depth

Figure 3.10: Lateral earth pressure on a retention system
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CHAJITER4

PROPOSED METRO RAIL SYSTEM

4.1 Introduction

As discussed earlier in Chapter |, the feasibility of a metro rail system along the
existing railway track from Tongi to Kamalapur has been investigated in this research,
Type of tunnel structure and possible Metro Station has been selected based on typical
structure used for metro system. The size of tunnel structure usually depcnd on number

of track to be used and the clearance requirements. Double box structure that would

accommodate double track has been considered here.

4.2 Clearances for Railroad Tunnels

Although clearances may vary for individual railroads to suit the dimensions of their
equipment, the minimum clearances for tunnels are identical to those recommended by the
American Railway Engineering Association as shown in Figure 4,1 (Bickel et al, 1997), On
curved Track, the lateral clearances should be increased for the mid-ordinate and overhang of a

car 88 ft long and 62 ft between the centers of tacks, equivalent to | in per degree of curvature,

8 8' 0
! -
1 - , TN
1 CioLTrKr, 1. of TrKii
ct of Track | |
m
! Ptane of Top
11y S"-e- S"-&- g 01 Running
Rail. (bI-T_
(.) SingleT_

Figure 4.1 : Minimum clearances recommended for railroad tunnels (Bickel et ai, 1997)

54



43 Typical Tunnel Sections

For a railroad, transit, or vehicular tunnel, selection of cross-section is dependent on
vertical and horizontal clearances, number of lanes or tracks, type of vcntilation system,
and the method of construction. Typical cross-section configurations for cut and cover
construction method are circular, octagonal, arch and rectangular. The configuration for a
two lane single bore is best suited to a circular or octagonal shape tunnel, which

structurally is the Illost efficient. The flat-bottomed arch shape is suited to single bore

tunnels with a semi-transverse supply ventilation system. Rectangular shupe for multilane
single or multiple roadways have center or sidc duct locations, which reduce the depth of
the structure and dredging. Figure 4.2 shows the typical shapes for rail transit tunnels.
Thesc shape typically relates to the method of construction and ground conditions in
which they are constructed. The shape of rail transit tunnels often varies along a given rail
line. These shapes typically change at the transition between the station structure and the
typical tunnel cross-section. However, the change in shape may also occur betwcen
slations due to variations in ground conditions. Thc configuration of tunncl structure can
depart from the typical section to accommodate a typical track alignment or grade. When
system standards mandate that stations be designed with a center platform, the track centers
will need to be widened through an appropriate transition length upon approaching the station.
Occasionally, it will be advantageous to gradually change the alignment and grade to the "over
and under" positions in which one track lies above and in line with the other. In general, the
configuration of the tunnel structure must be subordinate to system requirements for track
alignment and grodc. However, when the sllltions be designcd with side platfoon, the track
centers will be same upon approaching the station. Thus, the alignment and grade for the
double box construction can be the same at joint section betwt:en twmel structure and the
station building. As a result, no extm volume of materials will be required for this arrangement
of double box section. For a cut-and-eover double box subway line structure, the station is
usually of the side platform type (Bickel et al., 1997). A standard double box section for a
double lane metro is shown in Figure 4.3. A box type structure is generally reeOltmtended in
areas where the cost of concrete is less relative to the cost of sheet (Bickel et ai, 1997).
Workmanship requirement for box type structure is not high compared to the oval or circular

structure. A box type structure is therefore recommended for Dhaka metro twUtel.
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Figure 4.2 Circular, Single box, Horseshoe, Oval and Double box twmel (FHW A, 2005)

56



I STIIUCME
|

t <JITTP
200 . TIW: TRACIt
12'-9-(3/4) F 20 l,t i

N s

2" -0 . es) —-1. I
! Tu
AT ‘

""" ORAINAGE SLOT

Figure 4.3 : Standard double box section. (Bickel et ai, 1997)

4.4 Metro Railway stations

The usual perception of a cut-and-cover subway station is that of a two or three story
reinforced concrete structure constructed in a rectangular excavation 50.65 ft wide, 500-
800 ft long, and 50-65 ft deep (Bickel et al., 1997). Typically the station is a two story
structure with two tracks, as well as the ccntcr or side platfonns, supported on the invert.
A mezzanine floor typically lies between the roof slab and the invert or platform level.
Figure 4.4 shows a station box sectiOn with central platforms for the SiliCon Valley Rapid
Transit Project (Bums, 2007). This station box is 60 ft wide, 40 ft high which top is
approximately 20 ft underground and 1000 ft long. The complete subway station will be
much more complex than is indicated in Figure 4.4. Internal configuration will be
significantly affected by the need to providc cscalators, stairs, ventilation requirements,
rooms for mechanical and electrical equipment and other maintenance, and safety and

service facilities. Architectural treatment of the statiOn will also effect internal
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configuration and may have an important effect on the design of the basic structure as
well. The external configuration of the station will ordinarily be irregular at and abovc the
mezzanine level, where station entrance must be provided, Although the two story station
may be considered conventional, more complex station structures are not unusual,
particularly in and near the center of urban areas. At these locations the subway stations
may be constructed at the intersections of principal system train-way lines, for example,
In such cases boarding and off-boarding platforms in two directions are normally
required, so that in plan view the station structure is constructed in the shape of a cross,
with, usually, more than two stories. Whencver there is a rcquirement that the subway
station accommodate more than two tracks, the station structure will ordinarily be

significantly more complex than thc conventional subway station.

..o 50" 50" ..o
L 16' Roadwa 34 -"L 34" Roadwa t6' :
oolg. | .".__X _____ o llo ________ .y"___ S
. Sidewalk Roadway ' Roadway ] Sidewalk
U!;;,ih.;',lé.lll_ --'!:: ,/;:1_'/~,;..!',',.-.;>,' e "'I";>". /1:;;: o -> il-l'-FJYi".'."'
I . .
r ~ I —_—Trrrnn -
"D - |
1 W |
20000 o 56 ;
|

3'wide Sold
ier Pile (Typ)

66'

Figure 4.4 : Station Box with central platform (Burns, 2007)
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Figure 4.5 shows a side platform based subway station at Dc Ruijterkade, Amsterdam, Tlle
Netherlands. Escalators bring passengers there from the platform level to a concourse level,

from there escalators go sideways in two directions to ground level.

Figure 4.5 : Station Box with side platform at De Ruijterkade, Amsterdam, The
Netherlands (Ploeg et al., 2006)

4.5 Proposed System for Dbaka
4.5.1 Subway Line

Typical subway line structure for different metro rail has been discussed in the earlier sections.
It appeared that the structure type and the sizes usually depend on track width of line,
construction type, and the clearance requirement. Existing rail line of Bangladesh Railway
between the Karnalapur Railway Station and Tongi Bridge, proposed for the tWIDel,uses
Meter Gauge with 1000 mm of width (Information Book of Bangladesh Railway, 2005). Two
lines currently exist between the stations, covering a total rail road width of about 30 ft.
Considering mininJUm clearances recommended for railroad tunnels by American Railway
Engineering Association for double track, the width of a double track tunnel is 29 ft as shown
in Figure 4.1. A tunnel box width ono ft is chosen in this study for the proposed double track
metro tWIDelin Dhaka Vertical clearance within the box was used as 13 ft based on the
standard box section shown in Figure 4.3. Figure 4.3 showed the standard double box section
recommended by Washington Metropolitan Area Transit Authority. A similar section with
dimensions shown in Figure 4.6 is proposed as the tunnel section for Metro tunnel for Dhaka

City.

59



Cv. Structure

Figure 4.6 : Proposed double box section. (Not to scale)

4.5.2 Subway Station

Subway line with both center platform and side platform are possible for metro rail
systems. As discussed earlier, central platform require changes of alignment of track. The
track centers need to be widened through an appropriate transition length upon
approaching the station. However, for side platform, the same alignment can be used.
Separation of the passengers for Metro in two alternate direction are also possible. It is
recommended to use the side platform type metro station for a cut-and-cover double box
subway (Bickel et al, 1997). A side platform type station is therefore chosen for the Metro line
in Dhaka City. For easy entrance into the Metro station a three storied building is
considered. The width and height of Metro railway station are the same as those for
typical stations. Figure 4.7 shows a plan of the proposed station. Similar station was used
for Daikai station in Japan (Umehara et al. 1998). Two sections of Daikai Station, one
across the station building and the other beyond the building as shown in Figure 4.8, and
Figure 4.9. A similar station with adjustment of the dimensions has been chosen for the

proposed Metro system for Dhaka. Height of the platfurm from the rail was taken as the
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typical height used fur train such as 800 mm to 1200 mm (Wikipedia). The height of a
railway platform usually varies between railway systems. Heathrow Airport Ltd specified
their platform height at 1100 mm above rail level for the Heathrow Express rail service to
and from Paddington Station (Wikipedia). Figure 4.10 shows the cross section of the
proposed subway station. There are six columns inside the stations which have
dimensions 36"x 36". Clear spacing between the columns exists 25 ft in longer direction
and 20 ft in shorter direction. The platform height above plinth level is 3.5 ft. Total length
of the platform is chosen as 500 ft. A provision two staircase and two escalator is

included in the station.

Beyond
Station
102"
X 500'
o " S%TColumn
TwmelBox 11-6
DODDOO 013 3 0 o DOIJDOIJ

N 219' 219'

Figure 4.7: Sectional Ground Floor Plan ofa Typical Railway Station. (Not to scale)
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17(0)

(all dimentions are in mm)

Figure 4.8: Cross-section beyond thc station building at Daikai Station, Japan (Umehara,
1998)

(all dimentions are in mm)

Figure 4.9: Cross-section across the station building at Daikai Station, Japan (Umehara,
1998)
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CHAPTERS

DESIGN OF THE TUNNEL SYSTEM

5.1 Introduction

The Cut and Cover method of tunneling is relatively cheap for shallow tunnels and
requires simple technology. In this method, the ground is excavated along a planned route
using temporary or permanent retaining structures to retain soil up to the depth of
excavation. Tunnel is then built and covered by soil. Several methods can generally be
used for earth retention during excavation in crowded city like Dhaka. These arc: (I)
Cantilever Sheet pile, (2) Sheet pile with bracings, (3) Diaphragm wall with bracings, (4)
Bored pile with bracings etc. Suitability of each of the method depends on the type of soil
and on the availability of the technology. Chapter 3 of this thesis describes the soil profile
along the proposed tunnel aligrunenl. Earth retention system is designed to cover all the
ranges of soil types encountered at the site. As seen in chapter 3, the upper soil of the site
is generally clay that is underlain by sand. Thickness of clay layer varied from 20 ft up to
over 100 ft. Soft clay was encountered at some places. Analysis was also performed to
investigate the effect of nearby structure on the earth retention system. Types of structure
and their distance from the existing rail track is discussed in Chapter 1. Depth of cut has

been taken as 50 ft as discussed in Chapler 4.

5.2 Design Considerations
5.2.1 Factors Influencing Earth Retention System

Design of earth retention system during deep excavation depends on many factors. These

are:

() Water Table: There are mainly two types of water that are considered during design,
i.e. (2) Ground Water (b) Surface Water (Trapped water).

(a) Ground Water: For Dhaka City ground water table is much lowcr than the depth of
cut (i.e, 50 ft). Even during a rainy season this waler table is not expected to affect
the construction. Thus ground water is not a concern for excavation in the city.

(b) Surface Watcr Tablc: During the rainy scason, when surface watcr tablc rise insidc

ponds or lakes, this may influence the stability of earth retention system. Seepage of
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water through the soil and change of consistency of the clayey soil may destabilize
the cut. Increase of water content of the soil mise the unit weight of the soil.

Saturated unit weight of the soil is therefore considered to account lor this effect.

(2) Soil Ingredients: The soil constituents along the tunnel locations arc typically
formed by Clay, Silt and Sand. Upper clay layer with soil to very stitT consistency is
underlain by a sandy layer. The worst soil condition is lorllled when the surface

water saturates the clay and the soil looses its cohesive property.

(3) Structuml Load: Different types of Structuml load such as Building structure,
Electric pole, Boundary wall etc. can mostly influence during the construction of
earth retention system. Effects ofa building structure which arc situated close to the

typical route arc to be considered in the design of earth retention system to evaluate
the effect.

(4) Iypes of earth retention method: Different types of earth retention methods
discussed in Chapter 2 broadly divided mainly into two groups. (I) Tempomry (2)
Permanent. Cantilever Sheet Pile and Bmced Cuts are genemlly wused. Earth

pressure on the retaining structures depends on the types of the structure used.

(5) Load from existing Rail. Vibration of the tmin movement may affect the earth
retention system. However, if the existing rail is for away from the cut the effect
may be minimized. The effect of the vibration due to train movement is considered

in the analysis of earth retention method.

5.2.2 Construction  sequence:

Construction methods for a cut-and-cover tunnel is mainly classified into two types
namely "bOltom.up™ and "top-down" based on the progresses of the excavation. In
the 'boltom-up' excavation full-face excavation is first constructcd lollowed by the
construction of tunnel from the invert to the crown. In 'top-down' construction, on the
other hand, a staged excavation is used supporting the excavation as its progress.
Construction using sheet piles involve ‘bottom-up’ method, while both ‘top-<lown'
and ‘'bottom-up’ methods are possible for construction using diaphragm wall. The

construction method for braced-cut excavation essentially consists of putting two
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rows of vertical walls in the soil and suitably propping them against each other by
steel struts as the excavation is made. Underground utilities that conflict with the

construction are temporarily relocated.

In a top-down construction, when the final excavation level is reached, the subway
box is cast and backfilling done to restore the original ground surface as struts are
progressively removed. The walls are usually 30 It apart in the running sections for
the proposed tunnel and wider at station sections where the cut is made to
accommodate the platform and other services. The excavation depth is near about 50

ft as required for the tunnel. The description of the sequences is given below:

() Diaphragm Wall: The diaphragm wall is built in panels of 10ft normally with the
full depth of excavation (50 ft). The sides of the diaphragm wall trench are
stabilized by bentonite slurry of 1.07 to 1.10 specific gravity. The excavation time
for each panel can be 6 to 8 hours using. After the trench excavation the
reinforcement cage ofthe diaphragm wall, is lowered by a crane and concreting is
done by tremie method to replace the bentonite slurry which is pump back to vats
on the ground for recycling and reuse. The concreting is done continuously and
may take 3-8 hours for each panel. The cylindrical form tubes at the end of each
panel ended in semi-circular concave shape and the space between two such

panels is filled with panels of equal length having semi-circular convex ends.

(I) Diaphragm wail excavation (2) Dia. wall reinforcement & concreteing
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(3) Reinforcement (4) The finished wall after excavation

Figure 5.1: Basement top-down construction using diaphragm walls

Thus, alternate panels of concave and convex ends form an interlocked system of
diaphragm wall. Figure 5.1 shows the Basement top-down construction using

diaphragm walls.

(2) Struts: During excavation the diaphragm walls are hold in position by multiple
steel struts as per design. In most case three or four struts are found adequate for
the 50 ft deep cuts. The struts arc placed generally 10ft center to center intervals
along the length.

In the running stretches, the width of the cut is 30 ft and the struts are designed as
horizontal compression members resting on brackets at two ends. For wider cuts
an intermediate support is provided with a central vcrtical joist driven into the
ground to reduce the effective length of struts. The struts are preloaded by
hydraulic jacks immediately after installation so that they are held tightly in
position against the diaphragm walls. Excavation can then be done manually and
using mechanical grabs. However, under the busy road, manual excavation may
not be suitable. Figure 5.2 and 5.3 shows using of struts for construction of tunnel

structures.
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() Steel pipes used as struts (2) I-sections used as struts
(Twine D, 2004) (Paya Lebar expressway)

Figure 5.2 : Using struts for construction of Tunnel Box

Figure 5.3: Construction of station building (Heathrow ART)

(3) Box construction and Backfilling:  After the diaphragm walls are constructed on

both sides of the subway structure, one rail line from the surface and first meter of

68



earth are removed. While this is underway, train is moved to the other rail line.
Temporary arrangements are made during this stage for traffic movement at
crossing points. Beams, called "Street Beams" and timber decking are placed
across the excavation between the diaphragm walls. To provide accessibility to the
nearby areas during construction. Timber decking is placed when excavation
progresses to the point where machinery can operate below the street beams. As
the excavation proceeds, struts are placed between the diaphragm walls to hold
back the earth. Once the bottom of the excavation is reached, a concrete floor is
poured. This creates a flat, hard surface to begin the construction of the subway
box. Reinforcing steel is then shaped and wired together. The reinforcing steel for
the walls sticks out of the floor allowing to tie them together as one box with the
bottom of the subway box. The walls are poured, using formwork on the inside
and lagging boards on the outside. Formwork is installed to hold up the roof while
the steel is placed and concrete is poured. Once the concrete is hard enough, the
formwork will slide along so that work on the next roof segment can begin After
all of the subway box is complete, the excavation is filled with compacted earth
and the street beams are removed. The utilities are placed in their final position
and the road, landscaping, curbs and sidewalks are restored. After the road is fully
restored, the subway tunnel is ready for the installation of railway ties, track,
signals, electrical equipment and fire protection systems. Figure 5.4 shows the

construction procedure of Tunnel Box.

(1) First metre of earth are removed (2) Struts are placed across the excavation
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(3) Decking is placed on the street (4) Timber lagging boards are placed

(5) Struts to hold back the soil (6) Concrete floor is poured

(7) Reinforcing steel is shaped and wired (8) Steel for the walls tie with bottom
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(9) Walls are poured using formwork (10) Excavation is filled with earth

15

(I'1) Subway tunnel is ready for the installation

Figure 5.4: Construction sequences of Tunnel Box using Cut and cover method.
(Sheppard Subway Project, TIC)

5.3 Design of Earth Retention Methods

For design and construction of underground tunnel by cut and cover method, four
conditions have been selected for design of earth retention system. These are arranged in
a tabular form given in Table 5.1, based on the six conditions discussed in Chapter 3
(Table 3.12). Case-l corresponds to 20 ft of clay overlain by sand. This represents a
typical condition expected along the site. Case-2 represents an excavation in stiff clay
situation. Case-3 correspond to worst soil condition expected (BH 12) where the
excavation is in soft clay. Case-4 represents a complex soil condition that may be
subjected to a surcharge load from the nearby building structure. Soil retention systems

for each of the cases are discussed below. Anchoring of the sheet pile was not considered
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il the design~ since the required space for <Jnchoringmay not be availahle. It would ul~o0

be difficult to find workers skilled on anchoring in Bangladesh.

Table 5.1: Different cases based on soil type for design of earth retention system.

* | psf= 0.048 kpa

5.3.1 Case -1

Case Soil class | Layer depth  Cu(psf) | <p(degree) | Referance
(ft) (Typical)

Case - | Clay, C4 20 2400 — BH: 10
Sand, S4 30 — 35

Case - 2 Clay, C5 17 3000 — Bil :25
Clay, C4 60 2400 — and
Sand, S3 23 _ 30 13H: 26

Case -3 Clay, C: 65 900 _ BH: 12
Sand, S5 35 _ 40

Case -4 Clay, C, | 14 200 - BH: 8

| Clay, CZ 16 2400 |

oand, o3 30 _ 3_0
Sand, 84 20 _ 35
Sand, S5 20 Nil 40

Case 1 corresponds to 20' dcpth of upper Clay layer, which is the minimum clay layer

depth encountered along the tunnel alignment. It was found between Kawran Bazar and

Tejgaon industrial area. The clay layer is underlain by a sand layer. The clay layer is C4

class with cohesion varing from 2230 psl' to 2520 psf. The typical value of 2400 psl' has

been used in the design. The underlying sand layer is of S4 class. Designs of each of the

retention systems for the soil condition at this site arc described below.

(1) Cantilever Sheet Pile

Figure 5.5 shows the lateral earth pressure expected on a sheet pile under the soil

condition is Case |. For the average cohesion value the active earth pressure in the
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Figure 55 :

Preseure

...10
20

-60

-60

2858 psf

80-

Pressure distribution diagram in Cantilever

Bending mom ent

50 psf

Sheet Pile (Case J)

_10_
[, T o QS e o -
N
Max™ B.M.
1031.6 k-ft
at67.5 ft
--80
0--

Figure 5.6 : Bending moment diagram in Cantilever Sheet Pile (Case 1)
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cluy layer zone becomes negalive. The negative active eurlh pressure is (HHrniled to be on
the conservative side. The maximum active earth pressure in the sand layer zone is 1874.3
psf at the depth of cut. Maximum bending moment for this active earth pressure occured
at 67.5 ft from the top of sheet pile, which is 1031.6 kip-ft. Figure 5.6 shows the bending
moment diagram. Total depth of sheet pile need for resisting this moment is 78 ft. For
such a high bending section for sheet pile was not available. Thus, the sheet pile is not

suitable for earth retention under this soil condition for the proposed tunnel.

(2) Sheet pile with Bracings

In construction of Braced-Cut, struts should have a minimum vertical spacing of about 9
ft or more (Bickle et al. 1997). For braced-cut in clay soils, the depth of the first strut
below the ground surface should be less than the depth of tensile crack, Z, (i.e, ZC =

2Cu/Y). Initial strut was chosen at a depth of 12.5 ft and all other strut were spaced at a
distance of l0ft for the analysis. The last strut is thus placed at 7.5 ft above the bottom of

cut. Peck (1969) developed a earth pressure against braced-cut for different type of soil.

30 ft
— d, =125 ft
/
7 A L 2.5 1T
d2=10ft
B
50ft
d; = IOll P IH(7
o nsf
> 37.5 ft
| |<4=10ft | |
ds=75 ft
//\\ //\\ //\\

Figure 5.7 : Pressure distribution diagram in Braced-cut (Case 1)
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The earth pressure for braced-cut is different from that of retaining wall due to the
deformation shape of the braced-cut wall. As discussed in chapter-2, very little wall
yielding occurs at the top of the cut, which gradually increases with depth of the

excavation. Thus lateral earth pressure is substantially lower toward the bottom of the
wall than the Rankin active earth pressure. The lateral earth pressure for medium stiff
clay which is similar to the Figure 5.7 when "fHI Cp>4. Maximum bending moment has
been calculated from the analysis of earth pressure as shown in Figure 5.8. Detail about
the calculation of the moments and strut loads are given in Appendix-l1l. Maximum
bending moments for the minimum, average and the maximum value of soil cohesion

were calculated. In each case equivalent cohesion for variability soil type was estimated
as recommended in Peck (1969) as :

C =y,KH;tangd,+(H-H,)n'q,
a" 2/1 (5.1)

Here, H is the total height of cut, y, is the unit weight of sand, H, is the height of the sand
layer, k, is the a lateral earth pressure coefficient for the sand, (™ 1), <, is the angle of

friction of sand, gnis the unconfined compression strength of clay, n' is a coefficient of
progressive failure, ( ranging from 0.5 to 1.0; average value 0.75), the average unit weight

of 't of the layers may be expressed as :

_ LH.A(H-H.)
T H (5.2)

where Ye = saturated unit weight of clay layer. When several clay layers arc encountered
in the cut, the average undrained cohesion becomes,

C =CHCH, +  +C'H"

arc H (53)
where Cl. Cz, s Cn are undrained cohesion in layers 1,2, n. and HI. Ho, H,
are thickness oflayers 1,2, n. The average unit weight, @ is given by:
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125 10'
|- 0
1
f . | == |
~ ' w 10 75
A 132 C C D
14.27 k 9.385 4.106 k 14.08 k
85
P o
9.385 k
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Figure 5.8: Pressure distribution and Shear force diagram in Braced-Cut (Case 1)

W 12x120 S._.=92.2
ind/ft of wall.  \V<lle

L

CL <.~Btrut t
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.= 20. in1ft of willi

Figure 5.9 : Section Plan of Braced-Cut with Sheet pile (Case 1)
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Figure 5.9 shows the sectional plan of Braced-cut for equivalent value of C.q = 1060 psf
which is found for average undrained cohesion. The maximum moments for the
minimum, the average and the maximum values of cohesion were obtained as 73.35 Kip-
ft, 70.12 Kkip-ft and 66.89 Kkip-ft respectively. The corresponding sectional modulus of
sheet pile are 36.67 in®ft, 35.06 in*/ft and 33.45 in®/ft, respectively. Details calculation
for moment and section modulus is given in Appendix-11. Thus, for average value of Cy,
AZ-19 steel hot rolled sheet pile would be required, which have a sectional modulus S. =
36.1 in°/ft of wall. In this case, the placement of strut at levels A, B, C and Dare 12.5 ft,
225 ft, 325 ft and 42,5 ft from top. Wales at these level are W 12x120, WI2x65, W
10x77 and W 18x97 and struts at these level are W 12x40, W 8x35, W 8x35 and W
12x45.

(3) Drilled Pile with Bracings

In Drilled or Bored Pile, strut is used as a compression member which is similar to the
concept of Braced-Cut. Earth pressure and resulting moment would be the same for
drilled pile if the wales and struts with the same spacing are used. Similar spacing are
assumed for the bored piles to be used as the earth retention system. Thus, the maximum
moment is taken as same as Braced- cut as discussed earlier. The diameter of Bored Pile
for the maximum moment was obtained as 16 inch. As main Bar 6 Nos # 8 bar and as
stirrup #3 bar @ 1.5 inch dc would be required. Wale and strut design are similar to
Braced Cut. Details calculation for the design are given in Appendix-l1l. Figure 5.10

shows the Sectional plan and Cross section of Bored Pile.

W 12x120Wale

#8

#3 @ 1.5"clc
Earth
Bored
Pile

Figure 5.10: Section Plan and Cross section of Bored Pile with bracing (Case I)
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(4) Diaphragm Wall with Bracings

Diaphragm Wall also uses compression members similar to the concept of Braced-Cut
Thus, the earth pressure as those of Braced-cut could be used in the design based on same
spacing of struts and wales. Maximum moment is also the same as those of Braced-Cut.
The depth of Diaphragm Wall for maximum moment was taken as 12 inch, while the
width was obtained as 10ft. For Main Bar 19 Nos. # 8 bar @ 6 inch c/c and for Stirrup #3
bar @ 12 inch c/c was required. Wale and Strut design are also similar to Braced Cut, as
discussed in detail in Appendix-Il. Figure 5.11 shows the Sectional plan and Cross

section of Diaphragm Wall.

#3 @ 12in.c/c
W 12x120Wale
10'-0"
. T. W 12x40
1 T ]
; 12'
Earth
Diaphragm
Wall #8 @ 6 in.c/lc

Figure 5.11: Section Plan and Cross section of Diaphragm Wall with bracing (Case 1)

5.3.2 Case 2

Case 2 correspond to 77' depth of upper clay layer which is one of the maximum clay
layer depths expected. The soil condition was encountered at Cantonment Railway
Station. Thus the full depth of cut for the tunnel, which is 50 ft, would lie within the clay
layer. The clay layer is underlain by a sand layer. Of the clay layer, top 17 ft consists of
C5 class clay and the remaining 60 ft is ofC4 class clay. The underlying sand layer is S4
class. Designs of each of the retention system for the soil condition at this site are

described below.
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(1) Cantilever Shed l'ile

For the soil condition described as Case-2 (Table 5.1), earth pressure against a sheet pile

is shown in Figure 5.12, The negative earth pressure is again neglected here. Thus, the

earth pressure up to a depth of 34 ft is zero. The minimum active earth pressure in the

Pressuro
--0O- . R
—————————— —10~ e e
------------- 20- e
____________ 30-
———O-.———— . e aag
2581.8
-2190--
.--60
_________ - N 4 o T,

Figure 5.12 : Pressure distribution diagram in Cantilever Sheet Pile (Case 2)

sand layer zone is 2190 psf at the depth of cul. Maximum bending moment for this active
earth pressure is occur at 56.8 ft from the top of sheet pile, which is 200 kip-ft. Figure
5.13 shows the bending moment diagram. Total depth of sheet pile need for resisting the
earth pressure is 58 N. If ASTM A-572 OR 50 steel is used, sectional modulus required to

resist the maximum moment is 75 in®/ft. Sheet pile section AZ 46, have sectional modulus
of 85.47 in’/ft which can be used. Figure 5.14 shows the sectional plan of a Shcet Pile that

can be use for earth retention using sheet pile under the soil condition of Case-2.
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Figure 5.13 : Bending moment diagram in Shcct Pilc (Case 2)

Interlock configuration
varies with manufacturer

AZ-46

Figure 5.14: Section Plan of Cantilever Sheet Pile (Case 2)

(2) Sheet pile with Bracings

Same spacing of strut as assumed in Case-1 is also assumed for the bracd-cut in the soil

condition of Case-2. Figure 5.15 shows the earth pressure against the braced-cut wall

according to Peck (1969). Maximum bending moment has been found from the analysis

of pressure diagram given in Figure 5.16. Earth pressure corresponding to "(11/C, <4
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Figure 5.15: Pressure distribution diagram in Braced Cut (Casc 2)
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Figure 5.16:  Prcssure distribution and Shear force diagram in Braced Cut (Case 2)

condition is used. For equivalent cohesion calculated according to Pcck (1969), yHi Cll =
2.62, which is less than 4. Earth pressure for the minimum, averagc and the maximum

values of Cll expected for this soil condition was examined, which is similar for this
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three values of Cu. For the average value of the cohesion maximum bending moment
was calculatcd to be 54.34 kip-ft, which occurrcd bctwecen strut at A and 13. The required
sectional modulus is 27.17 in%/ft. Thus AZ-25 can be used that gives S.,= 45.7 in’/ft of
wall. Wales at those levels of strut in both sides can be used of sizes W 12x136, W
12x72, W 14x82 and W 16x57. Maximum moment hold by the wale is 361.37 Kip-ft/ft of
wall at level A. Sectional modulus require for this moment is Sx-x= 180.7 in%ft of wall.
Sectional modulus, Sx-x= 186 in®/ft of wall was provided bascd on the wale sections.
Struts of sizes W 10x49, W 10x30, W 10x39 and W 10x26 are recommended for
bracing. Maximum force on by the strut was estimated to be 289.1 kip. Area require for
this force is A= 14.17 in’ , which is obtained using the above sections that provided an

area of A = 14.31 in% Figure 5.17 shows the designed section of the braced-cut.

W 12x136 : Sxx = 186
ind/ft of wall \\Vale

CL of shut £
W 10x4 , Area A= 8.25 in2" ._."™
Sx-x = 2 .3 in3/ft of wall ' -5 AZ-25:
~  Sx= 457 in%ft of wall.
E?i
4+ +- 1

Figure 5.17: Section Plan of Braced-Cut. (Casc 2)

(3) Drilled Pile with Bracings

As discussed earlier Drilled pile or Bored pile, uses compression member as in Braced-
cut and have same pressure distribution. The maximum moment is also same as that for
Braced-cut. The diameter of Bored Pile for maximum moment was obtained as 16 inch.

Main reinforcement of 6 Nos 1/8 bar and Stirrup of 113bar @ 1.5 inch e/c was obtained
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from design calculation for the Bored pile. Wale and Strut design are similar to Braced
Cut. Same section of wales and strut as those obtained for Braced-cut is recommended

for bored pile. Section Plan and Cross section of Bored Pile is shown in Figure 5.18.

#8
#3 @ 1.5"clc
Earth
Bored
Pile

Figure 5.18: Section Plan and Cross section of Bored Pile (Case 2)
(4) Diaphragm Wall with Bracings

For the Diaphragm wall, the depth of Diaphragm wall for maximum moment s
calculated to be 12 inch and while width is assumed to be 10ft. Main Bar of 19 Nos. # 8
bar @ 6 inch ctc and stirrup of#3 bar @ 12 inch ctc were obtained as the reinforcements.

Wale and Strut design are similar to those used for Braced Cut. Sectional plan and Cross

section ofDiapbragm wall is shown in Figure 5.19 for this case of ground condition.

W #3 @ 12 in.clc
f? -y

—_— 10'-0"
- C~Le.fah'l-It It
- . WI0x49 - © 000000000000000
Earth
Diaphragm
Wall .
# 8 (ji) 6 in.ctc

Figure 5.19: Sectional Plan and Cross section of Diaphragm Wall (Case 2)
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Case 3 correspond to the worst case with 65' depth of sort upper clay layer.This soil was
encountered at Tejgaon. Thus the full depth of eut for the tunnel, which is 50 ft, would

lie within the soft clay layer. There are 65 ft layer is C2 class clay, underlain by S5 class

sand. Designs of each of the retention system for the soil condition at this site are
described below.

(1) Cantilever Sheet Pile

Cohesion of the clay for this site varies from C, = 1008 psrto C, = 1512 psf, with the
average being 1260 psf. Figure 5.20 shows the earth pressure distribution on a retaining
wall for Cu = 1260 psf. As shown in the Figure, the positive active earth pressure is
shown omitting negative active earth pressures. Total penetration depth is required below
the Depth of Cut is 30 ft to resist the earth pressure. Maximum moment whieh s

generated for the average value ofC, is 2368 ft-kips at 74 ft below the ground level as

Pressure

---------- " 60---- -.-2190

psf
--.-2581.apsC--60

———— - 80- ———-.-

00

Figure 5.20 : Pressure distribution diagram in Sheet Pile (Case 3)
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shown in Figure 5.21. This required sectional modulus of S = 28416/32 = 888 in’fft,

which is not obtainable using available sheet pile sections. Sheet pile method thus will

not apply to this soil condition.

-0
-—-10- ———_ .- -
20
70 MlixmB.M:-' .- -
2368 k-ftat
74 ft
80

Figure 5.21 : Bending moment diagram in Sheet Pile (Case 3)

(2) Sheet pile with Bracings

Peck(1969) developed earth pressure for Braced-Cut analysis, in medium stiff clay soil

which is similar to the Figure 5.22 (when "(HI C. >4). Maximum bending moment has
been found from the analysis of pressure diagram given in Figure 5.23. For the
minimum, the average and the maximum value of C, maximum moments were 56.1 Kip-
ft. The maximum moment occurred at strut level D. The required sectional modulus for
the maximum moment is 28.05 in3/ft,which obtained using Use AZ-1? section. The
section provided a sectional modulus of Sx = 31.0 in’/ft of wall. Maximum moment hold
by the Wale is 381.8 kip-Nfl of wall at level D. Section W 21x93 with S, , =192 in3/ft of

wall was used to resist the moment. Maximum load to be carried by the Strut is 305.44
Kip.
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Figure 5.22: Pressure distribution diagram in Braced Cut (Case 3)
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Figure 5.23: Pressure distribution and Shear force diagram in Braced Cut (Case 3)
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W 14x109 : S. = 173
in*ft of wall \Vale

CL of shut t
W 12x4 , Area A= 11.8 inl"j ---
_ .37 11>
S. .=51. b 1ft of wall AZ-17
1j.>| S. =31 in®/ft of wall .

Figure 5.24: Section Plan of Braced-Cut (Case 3)

A strut section of W 12x45, with area A= 13.2 in?>, and section modulus Sx-x=58.1 in®/ft

of wall was used to carry the load. Figure 5.24 shows the Braced-Cut sectional plan
recommended for the site.

(3) Bored Pile with Bracings

The diameter of Bored Pile for maximum moment in case of average value of C, is

obtained as 16 inch for this type of soil. Main bar of 6 Nos # 8 bar and stirrup of #3 bar

CL ofatrlit
W12x40 #8
#3 @ 1.5"clc
Earth
Bored
Pile

Figure 5.25:  Section Plan and Cross section of Bored Pile (Case 3)
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@ 1.5 inch dc was obtained as the reinforcement. Wale and Strut design are the same as
those used for Braced Cut. Figure 5.25 shows Sectional plan and Cross section of Bored

Pile in this case of soil.

(4) Diaphragm Wall with Bracings

The depth of Diaphragm Wall for maximum moment has been obtained as 12 inch in case
3 type of soil condition. The width of the wall was used as 10ft. Main Bar of 19 Nos. # 8
bar @ 6.0 inch dc and Stirrup of #3 bar @ 12 inch dc would be required as the
reinforcement. Detail calculation for the design are shown in Appendix II. Wale and Strut
design are the same as Braced Cut. Figure 5.26 shows sectional plan and cross section of

Diaphragm wall to be used.

#3@ 11in.c/lc
W 14x109wnle
10'-0"
L~ FLitnlt 000000000000000
T. W12x40 .-
” Earth
Diaphragm
Wall #8 @ 6.75 in.dc

Figure 5.26: Sectional Plan and Cross section of Diaphragm Wall (Case 3)

5.3.4 Case -4

Case 4 include a case where a nearby Building Structures beside tunnel route is to be
encountered. Chapter 1 of this thesis discussed the nearby structure along the assumed
tunnel alignment. One of the worst case of nearby structure has been analyzed to

investigate the effect of the structural surcharge on earth retaining system. As discussed
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earlier, Malibag and Kawran bazaar area is very crowded and possesses building
structures nearby to the rail line. However, major structures arc located beyond the right
of way of the rail line, resulting in a distance of structure over 10 to 20 li away from the
rail linc. Chapter 1 rcvealed that some structures are very close (as close as 2 li) to rail
linc, which is expected to be within the right of way. These structures should be removed
and therefore not considered here as a challenge. A fivc storied building located at a
distance of 8 ft from the proposed cut was considered to study the effect of building load
on the earth rctention system. Boussinesq solution was used to calculate the earth
pressure to be exerted on a retaining structure from the building weight. A building of 66
ft x 44 ft size was assumed with load per floor of 300 psf resulting in a total building
pressure of 1500 psf. The front face of the building was assumed at a distance of 8 ft. It
was revealed that lateral pressure exerted on the retaining due to the building is very less.
The maximum pressure from building was obtained as 40 psf. This also indicates that
from nearby train line, if exists at a distance of 8 ft or so, may not affect the performance
of the earth retention system. Further of the lateral pressure and the design of earth
retention systems discussed in the following sections. Soil conditions for the analysis was
taken as those encountered in the Kawran bazar area. For this site top 16 ft layer is C2

class clay, then 14 ft is C4 class clay and then the soil is 53 class sand, representing a
complex soil condition.

(1) Sheet Pile with Bracings

Figure 5.27 shows the earth pressure distribution on a retaining wall for average value of

Cu including the effect of building surcharge. It is revealed that there is no effect on the

lateral earth pressure due to surcharge. As discussed above the maximum lateral pressure
due to surcharge was 40 psf, which is much less than the active earth pressure. Thus the
efTect is not revealed in Figure 5.27 due to the scale effect. The maximum bending
moment on the sheet pile under this condition was obtained as 1108.9 ft-kips at 76 ft
depth which is shown in Figure 5.28. Detail calculation for the design of the sheet pile is
given in Appendix-l1l. Using ASTM A.572 GR 50 steel with Fb = 32 ksi, required
sectional modulus of sheet pile section is calculated to be 415.84 in3/ft. However, a sheet

pile with such a high section modulus is not generally available. Thus, a sheet pile wall is
not possible for this condition.
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Figure 5.27 : Pressure distribution diagram in Sheet Pile (Case 4)
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Figure 5.28 : Bending moment diagram in Sheet Pile (Case 4)

90



(2) Sheet pile with Bracing.

Figure 5.29 shows the pressure distribution on a braced-cut wall according to Peck
(1969). The surcharge effect due to the building was added as an additional lateral
pressure. However, the lateral pressure due to the surcharge was very less compared to
the earth pressure. The maximum moment, for the braced cut wall was obtained as 101.83
Kip-ft which occurred at level O in Figure 5.30. Thus, sectional modulus requirement of
sheet pile is Sx = 50.92 in’/ft which could be obtained. Using AZ-28 section that

provided the sectional modulus as 51.24 in®/ft of wall. Maximum moment in the wale is

30 ft

'--

| - —1= 125 ft 10ft 1\

/ / A - 133.75 psf
T = 12422 psf
I<h=10ft
B
76.17 psf
50il | | | 1" 100
- ——Pa—3662—
- ~ pSl
- 41 .65 psf
L.I=10ft
8
23.84 psf
~5=7.5 ft
1595 psf
A\ /7 \\ /7 \\

Figure 5.29:  Pressure distribution diagram in Braced Cut. (Case 4)

693.875 Kkip-ftifl of wall at level D. Section W 12x252 with sectional modulus of 353
in’/ft of walt was used to resist the moment. Maximum force on the strut was 555.1 kip.
Section W 12x79 with area A= 23.2 in* and section modulus of 107 indM of wall could

be used as the strut. Braced-Cut sectional plan for average value of C, is given in Figure
5.31.
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Figure 5.30: Pressure distribution and a Shear force diagram in Braced Cut. (Case 4)

CL of :-ltrut
W 10x8 ,Area A=25.09 in
8x-x =9 5indIft of wall <1 —— 1>

~ AZ-211:
~ 8, =51.24 inJ/ft of wall.

Figure 5.31: Section Plan of Braced-Cut. (Case 4)

(3) Drillcd Pilc with Brllcings

Diameter of Bored pile for maximum moment discuss with reference to braced-cut was

obtained as 22 inch. Design reinforcement are main bar of 10 Nos # 8 bar and stirrup of

92



#4 bar @ 2 inch clc. Wale and Strut design are again similar as those for Braced-cut.

Figure 5.32 shows designed sectional plan and cross section of Bored pile for Case- 4.

Earth
Bored
Pile

Figure 5.32: Section Plan and Cross section of Bored Pile. (Case 4)

(4) Diaphragm Wall with Bracings

For the same maximum moment discussed above, depth and width of diaphragm wall
was obtained as 16 inch. The width was agained assumed as 10 ft, respectively. Main bar
reinforcement was obtained as 25 Nos. # 8 bar @ 4.5 inch clc and stirrup was obtained as
#3 bar @ 16 inch clc. Wale and strut design are similar as those for Braced-cut. Figure

5.33 shows sectional plan and cross section of Diaphragm wall.

#3@ 16in.c/c
10'-0"
1
Earth d
Diaphragm
Wall #8 @ 4.5 in.clc

Figure 5.33: Sectional Plan and Cross section of Diaphragm Wall. (Case 4)

If the effect of surcharge due to nearldy structure is neglected, the maximum moment
would be 101.32 k-ft. which almost the same as those with the surcharge. This implies the

nearby structure has no influence on the design of retaining system.
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5.4 Design considering Construction sequence

The construction sequence sometimes influences the design of earth retention system. As
discussed earlier, the support provided to a braced cut are different for ‘top-down'
construction and bottom-up construction For a bottom-up construction excavation is
completed from top to bottom while bracings are provided during removal of earth. The
construction sequence for a retaining structure at four point bracing can be divided into
three stages. In stage | excavation completed prior to installation of first bracing. Thus,
sheeting acts as cantilever wall. The active earth pressure up to the depth of first bracing
was found negative. Thus, the maximum wall moment for stage | is only for water
pressure. For stage 2, first bracing was installed and excavation is completed up to the
level of second bracing are wall moment is gradually calculated assuming a hinge at the
level of end bracing (NAVFAC). For the final stage, the analysis is performed based on
the earth pressure propose in Peck (1969). Here, hinge point is considered at the every
strut level except the first strut (NAVFAC). For Case 1 of soil condition, the pressure
diagram corresponding to stage 1,2 and 3 are given in Figure 5.34. The summary for

13ft 12.5 12.5~

(1) .ove.o0e (1) eosseanr. 1.87psf

11.5' 10ft
(2) ......... (2) ecccee ,,

10ft

Stage 1 Stage 2 Stage 3

Figure 5.34: Pressure distribution diagram for Case 1

strut loads and moments at different construction stages are given in Table 5.2. Details

calculations of the strut load and wall moment are given in Appendix-Il.
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Table 5.2 : Summary for strut loads and moments at different construction stages.

Construction Sta e Strut loads ki Moments (ft-ki s
| 46
1] 10.57 between | and 4
Final 52.79 between (3) and (4)

For Case 3 the pressure diagram corresponding to stage I, 2 and 3 are given in Figure
5.35

13ft 12.51

(1) .o0e.o.. (1) oo 1.99 psf

1.50 psf

1.19 psf

Stage | Stage 2 Stage 3

Figure 5.35: Pressure distribution diagram for Case 3

Table 5.3 : Summary for strut loads and moments at different construction stages.

Construction Sta e Strut loads ki
|
11
Final

It revealed that final stage of construction usually governs the strut load and wall

moment. Strut and wall design in section 5.3 were based on final stage of construction.
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5.5 Design of Tunnel Structure

Chapter 4 discusses the type of tunnel structure assumed for Dhaka city. Design of the
structure is presented here considering the worst soil condition. Load on the structure was
used as those recommended in Bickel et al (1997) Details of Tunnel Structure design are
given in Appendix -Il. Three conditions are generally considered during design of tunnel

structure as discussed below in.

32

13' !
g 12'

S - 2:5-. . --d

Figure 5.36: Vertical & Horizontal pressure effect on Tunnel Structure.

5.5.1 Long-Term & Balanced Condition

Incase of long-term and balanced condition, full vertical roof load including earth

cover load, roof slab load, surcharge and vertical invert reaction (which include total
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roof load and weight of walls) is considered as vertical stresses. The maximum long-
term horizontal pressure is considered as horizontal stresses in soil. Figure 5.36 shows
the Vertical & Horizontal pressure on Tunnel Structure. The earth stress around the
tunnel structure for Long-Term and Balanced Condition are given in Figure 5.37

respectively.

5446 psf
5892 psf
Figure:  5.37 Pressure distribution Figure: 5.38 Pressure distribution for
for Long-Term and Balanced Condition Long and Short Term and Un-Balanced Condition

5,5.2 Long and Short Term and Un-Balanced Condition

Incase of long and short term and un-balanced condition full vertical roof load and
modified invert reaction as required to account for unbalanced horizontal loading is
considered as vertical stresses and the maximum long and short term horizontal
pressure is considered as the horizontal stresses. Pressure distribution diagram for

Long and Short Term and Un-Balanced Condition is given by Figure 5.38.

5.5.3 De-Watered and Balanced Condition

In De-Watered and Balanced Condition full vertical roof load and vertical invert

reaction is considered as vertical stresses and De-Watered active earth pressure is
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considered as horizontal stresses. Pressure distribution diagram for De-Watered and

Balanced Condition is given in Figure 5.39.

5446 psf
119 k-ft
Figure:  5.39 Pressure distribution for Figure: 5.40 Moment distribution diagram for
De-Watered and Balanced Condition Long-Term and Balanced Condition
24 inch
_ #8
24 inch #4@ 1.75"clc

Figure 5.41 : Cross section of Middle Tied Col™ Figure 5.42 : Cross section of Middle Spiral Colm.

On the basis of the pressures acting on Tunnel Structure, it is considered that the Long-

term effect will govern the design. Figure 5040 shows moment distribution around a
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tunnel structure undcr long term and balanccd condition calculate using the approximate
methods. The maximum moment is obtained at joints ¢ and d as 174 ft-kips. For this
moment a section with 14 inch effective depth is required. However, a 27 inch effective
depth was chosen in order to reduce the reinforcement requirement. If convert the middle
wall as atied colwnn or spiral colwnn then the size of column is given by Figure 5.41 and

Figure 5.42. Details design of Tunnel Structure is given by Figure 5.43

5.6 Tunnel Lining

Tunnel lining refers to systems installed to provide initial support for stabilization during
excavation and to provide permanent support as durable and maintainable long term
finishes. Types of linings to be used depend on the ground conditions and on the end usc
of the tunnel. Stabilization and lining are provided in two separate operations in a system
called "two-pass" system, while a "one-pass" system will combine the functions of

stabilization and lining (Bickel et al., 1997). A one-pass system would be suitable for

tunneling using cut-and-eover method, where the tunnel structure would work as the
lining.

Waterproofing liners arc sometime used to protect the tunnel over its working life.
Historically, water has been one of the most serious problems encountered in
underground works and it requires extremely expensive repair and renovation works.
Underground structures should be kept dry, both for safety reasons and on functionality
and maintenance grounds. Synthetic liners are sometime used in the construction of the

underground railway lines (i.e. railway line in Milan and Rome in the mid-60)
http://www.flaguk.co.uk/underground.htm).

5.7 Design of subway station

The construction method of a subway station is similar to the box construction of tunnel
structure Construction of station building may perform without the application of earth
retention system where open spaces are available and SPT-N value of clay lies between 8

to above 30 (Bickel et ai, 1997) then If the SPT-N value of clay lies between 0 to 4 and
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where limitation of space exists use of shore pile wall will be required for construction of

metro railway stations in Dhaka City. Figure 5.44 shows a plan of a metro rail station

Beyond
Station
500"
TWinel Bo"
Oooo oo o G

219

11'-6"

102'

[ 00D

Figure 5.44 : Sectional Ground Floor Plan of a Typical Railway Station. (Not to scale)

assumed for Dhaka city. After the tunnel box section of 30 ft width, the box is widened to

50 ft at the station to facilitate the passengers to off load. The structure widened further to

102 ft to accommodate the platform and a station building for services. The width of the

station building was assumed as 62 ft. A three storied building is considered with the
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Figure 5.45: Cross section of Station Building in Y-Y direction. (Not to scale)

23.79'
2.5
235 Metro
3.5" height
21.21'
2.5

Figure 5.46: Cross section of Station Building in X-X direction. (Not to scale)
total height of the building as 60 ft from the depth of cut. Thus top 10 ft is situated on the

ground surface. Figure 5.45 and 5.46 shows cross sections of the building indicating

different facilities. The building has been designed for the dead load, live load and the
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Figure 5.47: Component of Slab in station building. (Not to scale)
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Figure 5.48 : Sectional plan of First floor Slab. (Not to scale)

earth pressure, The Slab of the Station building is divided into twelve parts. Three sides

of the Station building are covered by the walls and one side of the building is attached

with the Tunnel Box at Ground floor. Components of the in slab of the station building is
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shown in Figure 5.47. For saving the cost by decrease the thickness of slab and increase
the rigidity of Station building against earth pressure at different sides Beam-Column slab
was chosen. The sectional plan of first floor and second floor are shown in Figure 5.48

and Figure 5.49. Detail calculations of station building are given in Appendix II.

i 102 ft tl |
S WW ®
ibrary [3 13 [3
.. Sllltion Restaurant _I 62'
-.ary
; A tory
-- 2' x 2' Column

I
3 13 o) i
|

Figure 5.49 : Sectional plan of Second floor slab. (Not to scale)

Designing the Ground floor and Surrounding Wall of the Station building, Earth pressure
and Vertical Load (Dead Load and Live Load) are considered. For the factor of safety,
horizontal earth pressure is considering for Long-term condition. The Internal sanitary
and water supply system is arrange at ground surface and Internal Electrification and
Ventilation System are accommodate inside the building. Details structural arrangement

of the Station building is given by Figure 5.50.
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COST ANALYSIS

6.1 Introduction

Construction cost for a tunncl projcct along thc proposed route has been estimatcd
considering different earth retention systems. An estimation of the cost for the materials
and equipments would be required to determine the suitability of tunneling for Dhaka
city. The bill of quantities and the cost on the basis of "Schedule of Rates for Civil Works
(PWD 2006), was determined. This chaptcr is divided into three parts: (1) Cost for carth
rctention system. (2) Cost for the tunncl structurc including subway stations and (3)

Comparison of cost for underground tunnel with existing tlyover structure.

6.2 Cost for Earth Retention System
6.2.1 Costs for different site conditions

To estimate and compare costs for different earth retention systems it is necessary to
know the amount of materials and equipments required for construction of tunncl by each
earth retention method. Then the price of materials and equipments is figured out based
on Public Works Department schedule of rates. Table 6.1 shows sample calculation of the
cost for a drilled pile system. Details of calculation for all other systems are presented in
Appendix-1ll. The total cost and cost per km for different earth retention methods at
different soil conditions are arrange in a tabular form in Table 6.2. For upper clay depths
of20 ft, 65 ft soft upper clay layer and for the site with Building structure corrcsponding
to the Case I, Case 3 and Case 4 respectively discussed in Chapter 5, cantilever sheet
piles were found infeasible as active earth pressure is high and passive resistance is less.
Cost of cantilever sheet pile for these condition is therefore not included in the Table. For
clay depth of 77 ft corresponding to the Case 2, the cost of per kilometer earth retention
using cantilever sheet pile is Taka 595 million. It is revealed from Table 6.2 the cost of
diaphragm wall is generally less than the other methods of earth retention among the
braced system. The bored or drilled pile appeared as one of the costliest method. It also
depend on the soil condition of the sites. Figure 6.1 compares from Tk.355 million to
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T"hic 6.1 : Sample eost estimation for earth retenlion syslem ( li,r Drilled pile)

Sl Unit Total Cost

No. Description of Items Unit | Rate | Quantity (million _Tk.)
I Layout and marking Sgm 7 182927 128
2 Boring for cast-in-situ pile Rm 513 1333364 684.01

3 Cast-in-situ pile with R.C.C. works Cum [ 7668 173052 1326.96

4 Fabrication of 60 grade 25mm deformed bar | Qointal | 5400 320666 1731.5<)

S Fabrication of 60 grade 10 mm deformed bar | Quintal [ 5400 228686 123490

6  Providing and making Point Welding Point | 2.38 | 210452820 500.87

7 Providing and making Welded Splice Inch 3.57 9446760 33.72

8  Supplying, fabrication & fixing of Wales Quintal' [ 7359 213610 1571.95

9  Supplying, fabrication & fixing of Struts Quintal 7359 138362 1018.20
Total Cost for 20 ft depth of upper clay layer 8103.52

Table 6.2: Variation of Cost (million taka) in different soil con<.litionshy <.lifferent

Methods
Anchored S. P. Braced-[Cut Bored Rilc Diaphra Im Wall
Soil Total | Cost Total cost | Cost Total cost |Cost Total |Cost per
Conditions | cost perkm | (million perkm | (million per cost km
(million [ (millo | Tk.) (millio_| Tk)) km(mi | (million (millon
Tk.) n Tk.) n Tk.) Il. Tk.) | Tk.) Tk.)
Assuming Not Not [ 7460.54 373.03 | 8103.52 405.18 | 6566.91 | 328.35
20" depth| Appli Appli
of upper| cable cable
Clav layer
Assuming | 11891.9 | 594.60 | 7335.74 366.79 | 7978.72 398.94 | 6442.10 |322.10
77" depth
of  upper
Clay layer
|Assuming | Not | Not | 7101.46 | 355.07 | 7744.44 387.22 | 5924.84 |296.24 |
65" depth| Appli Appli
of upper| cable cable
Soft Clay
Tayer
Building Not Not 11686.07 584.30 | 10816.89 540.84 | 9206.07 | 460.30
Structure Appli Appli
| beside the| cable | cable | | | | | |
route

e Tk. 1Crore =Tk. 10 million
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Tk.373 million for Case-1 to Case 3. Cost of the braced-cut construction increased for the
site with a building nearby to the structure due to stiffer soil condition at the site. It is to
be noted that the nearby structure located beyond 8 ft from has no influence on the design
of retaining system. As discussed earlier, buildings structure are present closer to the
railway track near Kawran Bazar and Malibag area. Soil conditions of this site was used

to estimate the cost of earth retention system. Cost of the braced-cut wall for the site is
Tk.584 million

o} Case 4

" Case | Case 2 Case 3

Figure 6.1: Varition of Cos! per km of Braced-cut in different Soil Condition

The cost for drilled pile is greater than the braced-cut by 8.62% to 9% for Case-l to Case
3. The cost for Diaphragm wall are less than those for Braced-cut and Drilled pile.
However, the differences varied depending on the ground condition. Figure 6.2 and 6.3
shows the cost for Drilled pile and Diaphragm wall, respectively. For each of the three
earth retention system, the construction in the soft ground appeared to be less. The reason
lies on the passive earth pressure behind braced wall which is greater for stiffer soil. Unit
weight of the soil is also less for soft soil. The cohesion of the stiffer soil was

conservatively assumed in the analysis.
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Figure 6.2: Vwition of Cost per kin of Drilled pile in different Soil Conditions
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Figure 6.3 : Varition of Cost per km of Diaphragm Wall in different Soil Conditions

6.2.2 Comparison among the retention systems

Figure 6.4 to 6.7 show a comparison of the cost of different earth retention system for
Case 1to Case 4 of the site conditions (The cases were discussed in Chapter 5). Figure
6.4 reveals that for the Case 1 with 20 ft of upper clay layer soil, Diaphragm wall provide
the most economic earth retention system, followed by the Braced-cut and Drilled pile.
Cost of Diaphragm wall is 19% lower than the Drilled pile and 12% lower than the
Braced-cut. Even for the site with Case 2, Diaphragm wall appeared as the most

economic system of earth retention (Figure 6.5). Cost for Diaphragm wall is 19% lower
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than the Drilled pile and 12% lower than the Braced-cut. For the worst soil condition
specified in Case 3, diaphragm wall appeared again as the most economic solution of
earth retention (Figure 6.6). As discussed earlier, Sheet pile was infeasible for the worst

soil condition. The cost for diaphragm wall is 23.5% lower than the drilled pile and
16.6% lower than the braced-cut.

o Shl Bored pile Diaph\r/(;;\/gm

_ 450 . egt'pl £ with Bracing--wall ith-1
with Bracing )

13 Bracing

o 300

E

5 150

(8

Y o0

Figure 6.4 : Cost per km in different earth retention method for Case 1
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Figure 6.5 : Cost per km in different earth retention method for Case 2

For the case of Complex soil condition (also including building structure beside route)
(Case 4), cost per km of different earth retention methods shown in Figure 6.7.
Diaphragm wall was again found as the economic earth retention system. Cost of

Diaphragm wall is lower than Braced-cut by 21%, and than Drilled pile by 15%. Based
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on the findings presented above, diaphragm wall system is recommended for earth

retention for construction of metro tunnel in Dhaka cityo
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Figure 6.6 : Cost per km in different earth retention method for Case 3
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Figure 6.7 : Cost per km in different earth retention method for Case 4



6.3 Cost for Tunnel Strueture

Construction of tunnel structure involve earth work and tunnel construction. Both the
excavation and the structural cost is included in the cost of tunnel structure. Costs for the
earth work and the tunnel structure are discussed below:

6.3.1 Earthwork

After the installation of the earth retention system soil is excavated and the tunnel
structure is constructed. Earth cutting and sand filling are included within the cost
estimation of earth-work. Cost of dewatering required during excavation is also included
according to PWD (2006). PWD (2006) assume an additional cost of excavation for the
dewatering. Along the typical route of about 20km long, total volume of earthwork in
excavation in foundation trenches upto the maximum depth of 10 metcr of tunnel
excavation is 2788519 cum. Cost for cutting the volume of earthwork is calculated to be
Taka 89.23 million based PWD (2006), with rate applicable for depth upto 1.5 m.
However, there would be additional costs for excavation depth beyond 0.5 i, 1.5 mniand
others. Considering everything total costs for excavation becomes Tk.I 08 million. Extra
rate for earthwork in excavation in foundation trenches, all around protected by
palisading and de-watcringlbailing-out watcr upto 1.5 m dcpth and 60 m lead is 2788519
cum. Cost for this volume of dewatering is 680.4 million. Extra rate for earthwork in
eXCavation in foundation trenches, all around protected by palisading and de-
wateringlbailing-out water for depth exceeding 1.5 m is 2514129 cum. Cost for this
volume of dewatering is 1068.5 million. and Sand filling in foundation trenches and
plinth with coarse sand having minimum F.M. 1.2 in 150 mm layers including leveling,
watering and compaction to specified percent by ramming each layer up to finish level is
1003867 cum and cost for this volume is Taka 654.52 million. Along the typical route,
thcre is no definite place for storing such a large volume of earth which would be
excavated. So, the excavated earth should be replaced after construction to a place, where
there are available rooms beside the route for storing this volume of earth and where earth
retention system is free from surcharge effect generating by these volwne of excavated

earth. No specific cost was considered for this item of replacing and storing of earth
Details calculation for earth work and related costs are given in Appendix-Ill.
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6.3.2 Tunnel Structure

Cost of tunnel structure has been estimated starting from brick soling to painting. The
arca of one layer brick llat soling in 1100rwith first class bricks including of bed and
filling the interstices with local sand is 182927 sgm and total cost for this amount is
Taka 29.63 million. The area of 75 mm thick damp proof course (1:1.5:3) with Sylhet
sand (F.M. 2.2) and stone chips is 182927 sgm and total cost for this amount is Taka
123.66 million. Reinforced Cement Concrete (R.C.C.) works with stone chips in floor
slab, roof slab, side wall, middle column and wall and column capitals in nominal mix
[:1.5:3 and minimum fer= 30 MPa arc 414933 cum and total cost for this amount is Tk.
2551.27 million. Shuttering, propping and necessary supports for floor slab, roof slab,
side wall, middle column and wall and column capitals are 420440 sgm and total cost
for this amount is T1cl65.04 million. Fabrication of 60 grade 25mm, 16mm, 12mm,
10mm deformed bars are 0f385149 quintal and total cost for this amount is Tk.2079.80
million. Minimum 6 mm thick cement plaster (I :4) to Ooor slab, roof slab, side wall,
middle column and wall and column capitals is 640927 sgm and total cost for this
amount is Tk.63.45 million. Plastic emulsion paint of best quality and approved color to
floor slab, roof slab, side wall, middle column and wall and column capitals of two coats
over a coat of acrylic sealer including, cleaning, sand papering the surface and necessary
scalToJding etc. all complete is 496342 sgm and total cost for this amount is Tk.44.17

million. Including everything, total cost of tunnel structure for thc total Icngth of 20 m is
Tk. 8262.82 million.

6.3.3 Tunnel lining :

As discussed earlier one pass tunnel lining would be suitable for tunneling using cut and
cover method. However, as water proofing liner, polythene sheet of one kilogram per
6.5 m? specification can be used. Tlle area to be covered by the polythene sheet is

585366 m2 According to PWD (2006), the cost of sheet would be Tk. is 12.88 million.
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6.4 Cost for Station Building

6.4.1 Earthwork

Layout, shore protection work, earth culling and sand filling are included within cost
estimation for earth work required for the station building. Total area required for layout
and marking is 1700 sgm and cost for this area is Tk.0.012 million. Shore protection work
per station building is 5300 sqm and total cost for this area is Tk.3.07 million. Total
volume of earthwork for each station building, excavation in foundation trenches upto the
maximum 10 meter depth is 25650 cum and cost for cutting the volume of earthwork is
Tk.0.821 million. Considering the additional cost for excavation beyond 1.5 m depth,
total cost of earth cutting becomes Tk.1.0 million. Extra rate for earthwork in excavation
in foundation trenches, all around protected by palisading and de-watering/bailing-out

water upto 1.5 m depth and 60 m lead is 25650 cum. Cost for this volumc of dewatering
is 6.26 million. Extra rate for earthwork in excavation in foundation trenches, all around
protected by palisading and de-wateringlbailing-out water for depth exceeding 1.5 m is
23150 cum. Cost for this volume of dewatering is 9.84 million. Sand filling in foundation
trenches and plinth with coarse sand having minimum r.M. 1.2 in 150 mm layers
including leveling, watering and compaction to specified percent by ramming each layer
up to finish level is 700 cum and cost for this volume is Tk.0.46 million. The cost for

storing and removal of excavated material was not included within the cstimatcd cost.

6.4.2 Station Structure

Estimation of the cost of station structure includes from brick soling to roof top parapet
cost. The area of one laycr brick flat soling in floor with first class bricks including of bed
and lilling the interstices with local sand is 1530 sgm and total cost ficr this amount is
Tk.0.25 million. The area of 75 mm thick danlp proof course (I: 1.5:3) with Sylhet sand
(F.M. 2.2) and stone chips is 1530 sqm and total cost for this amount is Tk..0O3 million.
R.C.C. works with stone chips in ground floor, roof, second and first floor, side wall,
colunm, bcarn, staircase and lintle in nominal mix 1:1.5:3 and mimimum fer= 30 MPa are
5161 cum and total cost including extra cost over the rate of concretc (materials,

consumables and placing concrete) of R.C.C works where the frcc height of the structure
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exc.:cc<l:4 meter for Ihi:i umount iN Tk.12 million. Shuttering, proring lind llcccfHmry
supports for ground floor, roof, second and first floor, side wall, column, beam, slaircase
and lintle are 7122 sqm and total cost including exlra cost over the rale of shuttering
(steel) of R.C.C works where the free height of the structure exceeds 4 meter for this
amount is Tk.2.81 million. Fabrication of 60 grade 25mm, 16mm, 12mm, 10mm
deformed bars are of 4119 quintal and total cost for this amount is Tk. 22.24 million. First
class bricks works 125 mm thickness wilh cement sand (F.M. 1.2) mortar (1:4) and
making bond with connected walls including necessary scaffolding, raking out joints,
cleaning and soaking the bricks etc. is of 13005 sgm and cost for this amount is Tk. 5.5
million. Minimum 6 mm thick cement plaster (I :4) to ground floor, roof, second and first
1100r, side wall, column, beam, staircase and lintel is 6718 sgm and total cost for this
amount is Tk. 0.67 million. Minimum 12 mm thick cement plaster (1:6) to wall both inner

and outer face of second Ooor is 305 sqgm and cost for this amount is Tk. 33.24 thousand.
Total area of 10 mm thick color situ mosaic (Pakistani origin with glass strip) is 2884
sgm. and tolal cosl for this amount is Tk. 2.66 million. Plastic emulsion paint of best

quality and approved color to floor slab, roof slab, side wall, middle column and wall and
column capitals of two coats over a coat of acrylic scaler including, cleaning, sand
papering the surface and necessary scaffolding etc. all complete is of 5170 sqm and total
cost for this anlOunt is Tk. 0.46 million. Total area of cement paint to outer wall of
approved quality and color with (Bangladesh made) two coats over a coat of priming
including cleaning and sand papering the surface and necessary scaffolding etc. is of 305
sgm and cost for this amount is Tk. 18.91 thousand. Supplying, fitting and fixing total
stair railing of standard height of any design and shape with square box (1 No. box in
each trade) made by through welding of 2 nos. 25x25x5 mm mild steel angle is 35 sgm
and cost for this an10unt is Tk. 0.13 million. Total cost for supplying, fitting and fixing of
2 Nos. collapsible gate of 13 sgm area is Tk. 37.59 thousand. Total cost for supplying,
fitting and fixing window grills of 168 sgm area is Tk. 0.19 million. Total cost for
supplying, fitting and fixing Steel glazed window Shutter of 168 sqgm area is Tk. 0.55
million. The cost for supplying, fitting and fixing of 65 sgm M.S. Door Shutter is 0.22
million taka. Cost for painting to Door and window Shutter of 110 sqgm area is 11.11
thousand taka. Providing drip course of 116 rm length costs 5.45 thousand taka. The cost
for rooftop parapet 0of92 sqm area is Tk. 87.67 thousand. Totaling all components of the
cost, structural cost of the tunnel structure is Tk. 101.39 million. Detail calculation of the

cost estimation is provided in Appendix Il
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(,-5Cost for Utilities

6.5.1 Utilities for Tunnel Box

Electrification cost is considered for non-residential standard condition with an area of
182927 sgqm. The cost for this amount is Tk. 176.89 million based on PWD rate schedule.
If the ventilation cost is considered as 4 % of total civil cost, the ventilation cost of the

tunnel box become Tk. 303.25 million. Thus, the utility cost for a station building is Tk.
480.14 million.

6.5.2 Utilities for Station Building

Cost of Lighting and Escalators per station is assumed to be Tk. 30 million. Air
Conditioning and Ventilation Cost is ncar about Tk. 64.4 million, based on the cost of

Kolkata metro tunnel. Thus, the utility cost for a station building is Tk. 94.4 million.

6.6 Comparison of Cost Between Tunnel and Flyover

Total cost of tunnel per unit length has been estimated to compare the cost with existing
flyover system in Dhaka. Three types of costs are included within the total cost of Metro
Tunnel for Dhaka City. These are : (i) cost of application earth retention system (ii)
construction cost of Tunnel Box and (iii) cost of Metro Railway station. Since cost of
diaphragm wall construction appeared minimum, this has been recommended as the earth
retention system. Cost of diaphragm wall was therefore considered in the estimation of
total tunnel box construction. For the cost of typical flyovcr, the cost of Mohakhali
flyover was considered. This flyover is located at Mohakhali, Dhaka which was
inaugurated on 4" November, 2004 and laid the foundation by 19" December 2001. Total
length of the flyover 1.12 km. It has width of 17.9 m, 4 lane, 18 pillar and 19 span. Total

construction cost for the flyover was Tk. 1150 million. The cost was increased by 30% to
account for the price escalation over the period. Thus, the estimated cost of the flyover is
Tk. 1495 million, resulting in a per km cost ofTk. 1335 million. On the other hand, total

cost of 20 km tunncl considering 21 stations is Tk. 19644 million including the cost of

earth retention, tunnel structures and station buildings. This results in a per km cost ofTk.
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983 million. Table 6.3 and Figure 6.8 compares the cost of tunnel and the flyover for
Dhaka city. It appears that cost of tunnel would be less than the cost of flyover by about
26%. However, a metro tunnel would provide a most effective solution of traffic
conditions in a crowded city like Dhaka. A construction of metro rail is therefore
expected for improvement of the overall traffic condition of Dhaka. Figure 6.8 shows the

variation of cost per km between Metro Rail Tunnel and Flyover Structure.

Table 6.3 : Variation of Cost between Metro Tunnel and Flyover Structure.

Types of Struture Total construction cost Cost perkm
(million Tk) (million TK.)
(01) Metro Rail Tunnel 19644 (20 km) 983
(02) Mohakhali Flyover 1495 (1.12 km) 1335

Mohakhali Flyover

_ 1200
t: Metro Rail Tunnel
(o]
=l 900
S
E 600
to
4 300
u
0

Figure 6.8 : Variation of cost per km bet" Metro Rail Tunnel and Flyover Structure.

117



CHAPTER 7

CONCLUSION AND RECOMMENDATION

7.1 Introduction

Underground Metro system is believed to be the most elTective transportation means for a
crowded city like Dhaka. A metro rail system is desired for Dhaka city for eliminating
traffic congestion and related problem in the city. A feasibility study for a metro rail
tunnel in Dhaka has been performed in this thesis. A tunnel alignment along the existing
surface railroad system from Tongi to Kamalapur has been chosen for the feasibility

study. In this t~1Jicalroute there are 18 crossing points between Railway and highway.
Average of 30 ftto 35 li wide right of way exists on each side of two existing parallel
railway lines, facilitating construction works for the tunnel.

A study was performed to identify the infrastructures nearby to the existing railway line
that may influence the tunnel construction. Excavation nearby to the structures for the
tunnel may cause horizontal movement and settlement of the structure that may result in
complete collapse or cracking of different components of the structures. Additional load
from the structures, on the other hand, may cause additional lateral pressure to the
retaining system during excavation. It is revealed that the buildings are located from a
distance of 4m up to 40 m from the rail line. Numbers of buildings are the highest in the
Basabo, Moghbazar and Mohakhali areas. Minimum distance of the building are the
shortest in Moghbazar and Mohakhali area. However, some of the structures that are too
close to the track may be unauthorized and therefore can be removed for tunnel

construction. Tlle buildings with small areas are likely to be unauthorized.

Existing rail tracks are two meter gauge covering an average width of )() m. One meter
gauge lane can be continued to function for both way traffic, during construction of
subway, while other track would be closed. Thus, width of the working area that would
be available is about 8 to 10m. At some places even a larger space is available that would

facilitate the twmel construction.
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The displacemcfll occurring in Ilhe ~1filCllirc::and ::0il rnw;~:ldjacelll 10 101 t-xclivnlion will
have an elTecton the choice of earth retention system required to protect the structures. In
softer cohesive soils a stiffer support systems such as concrete diaphragm wall would be
required to limit movements. However, the possibility of using different earth retentions
systems such as sheet piles, braced-cul, drilled pile and diaphragm wall has been
investigation to identify the method that would be suitable for Dhaka Tlle study revealed
that underground metro tunnel system is feasible for Dhaka city and would appear s an

elTective solution for the current traffic condition. Diaphragm wall system appeared as
elTectiveearth retention system during excavation ofthe tunnel.

7.2 Geotechnical Condition

Geology of Dhaka consist of the Uplifted Pleistocene Madhupur clay with thickness

varying from 20 ft to over 100 ft overlying fine to coarse grained sands of the Dupi Tila
Formation. The sands are approximately over 300 to 400 ft thick in Dhaka Geotechnical
characterization of subsoil condition along the proposed tunnel alignment revealed
variability of the subsoil. The subsoil was characterized dividing the route into Il zones
to cover different soil conditions encountered. Soil parameters for the soil encountered
along the profile was established based on test results and available correlations.
Considering the soil profile and the soil parameters, four general cases of ground
condition has been chosen for analysis of earth retention system for tunnel construction
that would cover the best to the worst ground condition expected along the side.

7.3. Selection Tunnel StI"Uctul"e

Considering minimum clearances recommended for railroad tunnels by American Railway
Engineering Association for double track, a tunnel box width of 30 fl is chosen in this study

for the proposed double track metro tunnel in Dhaka Vertical clearance within the box was
used as 13 ft based on the standard box section.

A side platform type station is chosen for the Metro line. For easy entrance into the Metro
station, a three storied building is considered. The width and height of Metro railway

station have been chosen as those for typical stations. There are six columns inside the
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stations with dimensions 36"x 36". Clear spacing between the columns is 25 N in longer
direction and 20 N in shorter direction. The platform height above the ground level is 3.5

1'1Total length of the platform is chosen as 500 ft. A provision two staircase and two
escalator is included in the station.

7.4 Design of Ea.1h Retention System and Tunnel StI"Uctul"es

Design of the earth retention system revealed that sheet pile wall \\111not be suitable for
the ground condition and the depth of excavation required for the tunnel in Dhaka Earth
retention system of braced-cut, drilled pile and diaphragm wall has been designed based
on the earth pressure proposed in Peck (1969). Tlle effect of nearby structures on the
design of the retention system revealed that if the structure is located at 8 ft or beyond, the
effect of the building structure on the earth retention system would be negligible. Tunnel

structure and the station building was designed for the dead loads and the live loads
expected for typical tunnel structures.

It was revealed that the better the soil condition the higher was the wall moment for the
braced retaining wall. This is due to the fact that the earth pressure against braced wall is

due to passive pressure which greater fore stiff soil than the softer soil.

1.8 Cost analysis

For the earth retaining system, cost of diaphragm wall was found as the minimum of the
three carth retention system such as braccd-cut, drillcd pile and diaphragm wall. The cost
of diaphragm wall for the proposed tunnel ranges from Tk. 296 million (29.6 Crore) to
Tk. 460 million (46 Crore). While the cost for braced-cut ranges from Tk. 355 million
(35.5 Crore) to Tk. 584 million (58.4 Crore) and for drilled pile ranges from Tk. 387
million (38.7 Crore)to Tk. 541 million(54.1 Crore). TIIUSthe cost of diaphragm wall is

less than those of braced-cut by 17% to 21%, and less than those of drilled pile by 23% to
15%. Total cost of 20 km tunnel considering 21 stations is Tk. 19644 million, resulting in

a per km cost of Tk. 983 million. When compared to the cost of flyover structure, found

for Mohakhali Flyover, the cost of tunnel appear 26% less than the cost of flyover
structure.
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7.6 Recommendation for Future Study

For future study on the tunneling on Dhaka city map include following aspects:

(1

(@)

3)

(4)

()

(6)

()

The analysis of earth retention method has been performed on the basis of field

data available from the literature. The borehole locations from the literature was

not always located on the tunnel route. In most cases. the boreholes were within 1

krn from lhe existing rail road. norcholcs and soil sarnpling may be conducted

along the tunnel route to obtain site specific sub-soil data to be used for tunnel

design.

A detail investigation can be conducted to obtain more accurate soil parameter,

rather than relying on estimation based on empirical equations.

Earth pressure against the retaining structure was estimated based on the empirical

pressure distribution of Peck (1969). A more sophisticated

finite element analysis
can be performed

to obtain a realistic earth pressure for design or the earth
retaining system.
Finite element analysis can be extended to investigate the ground deformation and

the effects of tunnel excavation on nearby structures.

A parametric study may be performed to identifY the effecti'e tunnel structure

based on finite element analysis.
A detail field survey can be conducted to identify authorized and unauthorized
structures nearby to the tunnel route.

Feasibility of metro tunnel of any other routes can be in\'estigated.
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Appendix -1

Maps Along Tunnel Alignment



Figurel-l : Map-l (Siadabad to Kamalapur)
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Figure 1-1 : Map-1 (Ramna \o Moghhal.ar )
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Figure 1-4 : Map-4 (Tajgaon RiA to Mohakhali )
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\ 5. Map-S (Banam to Army Stadium)
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Figure 1-6 : Map-6 (Kh*lkhet to Koala)
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Figure 1-7 : Map-7 (Ashkona to Azampur)
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Appendix -1I

Design Calculation and Hot Rolled Steel Sections



APPENDIX -l

SAMPLE DESIGN CALCULA nON AND HOT ROLLED STEEL
SECTIONS

I1-1 Design of Earth Retaining Systems:

Calculation for the ground condition represented in Case 1 has been shown here as the
sample design calculation. The soil parameters for this condition arc estimated as shown
below:

Soil Depth | Depth vd vsit y' | Min™ | Max™ | Ave. e | K. K,
type | variation | Height [ Ib/ft) | 1b/ft) | Ib/ft) | C, C C. | (deq)
(ft) (fy (pst) | (ps£) | (osf)
Clav,C4 0-20 20 11157 | 138.35| 75.85 | 2232 | 2520 | 2376 0 | |
Sand,S4 20-50 30 11157 138.35 75.85 0 0 0 35 0.271 3.69

Earth pressures and wall forces are calculated based on the soil parameters for each of the

earth retaining system.
(a) Sheet Pile:

Earth pressures against the sheet pile wall are calculated as shown below:
pi =y" L-2C,=138.35x0- 2x 2376 =-4752 psf
P2=yeeel; - 2 Cy= 138.35 x 20 - 2 x2376 =-1985 psf
pJ="fe L, K. = 138.35 x 20 x 0.271 = 749.86 psf
pJ=yee (LI+ Ly K.= 138.35 x 50x0.271 = 1874.6 psf
P5=y'(Kp-K.) 0; = 11157 x (3.69-0.271)x 0, = 381.460; psf

Earth pressures are shown in Figure Il-I neglecting the negative pressure. Resulting
bending diagram is shown in Figure 11-2,which reveal the maximum bending moment as

1031.6 k-ft per ft of walt length. For the maximum bending moment the sectional
modulus of shect pilc is obtained as,

JX — 1031.6x12 - 386.85 in3/ft
32

Sheet pile with such a high section modulus is not usually available.
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Figure Il-1 : Pressure distribution diagram in Anchored Sheet Pile (Case I)

Bending moment

Max™ 8.M.

1031.6 k-ft
at67.5 ft

Figure 11-2: Bending moment diagram in Anchored Sheet Pile (Case I)
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(b) Braced Cut:

Equivalent unit weight of the soil is calculated according to Peck (1969) for the soil

condition is in Case 1 as

Yave=(1/50) x (138.35x20+1 11.57x30) = 122.3 Ib/ft®
The equivalent undrained cohesion is calculated as,

Cavo=(1/(2x50»x(20:<:.75x2376+111.57:<:1x30*  x tan35)
= 1.06 ksf
For the excavation depth of 50 ft,

Ya\~H/Cavo=(122.3x50/1059.5) = 5.7716, which is greater than 4.
Thus, the apparent pressure as per Peck (1969) would be as shown in Figure 11-3, where

Pa= Yav#d(l-4 CaY<Yavéd) = 122.3x50:<:(1-(4:<:1059.5/122.3:<:50»= 1877 psf

30 ft J
i~ d, = 125 ft —
7 - 12.5 ft
/ A T
1l
~
100 )
50ft
1"010ft pd
€ 375 ft
d4:10ft
D
d5 =75 ft
//\\ //\\ //N\\

Figure 11.3: Pressure distribution diagram in Braced Cut (Case |)
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14.27k 90385 4.106k 1408k
9.385 k
11.73 k 14.664 k

Figure 11-4 : Pressure distribution and Shear force diagram in Braced Cut (Case )

The bending moments and the strut loads (A,B,C, and D) are calculated wusing the

pressure diagram in Figure |1I-4 based on the assumption that the sheet piles or soldier

beams are hinged at the strut level (Das, 1984) as shown below:
From —mul =0,

= «(1/2)x12.5x1.877x14.17+ 1.877x10x( 1012»/ 10 ~ 26 kip/ll and
B) = 30.5.26 = 4.5 kip/ft

From rMc, =0,

B2 = «1.877x10x5)/10) =9.385 kip/ft and
C) = 1.877x10-9.385 = 9.385 Kkip/ft
Again from ~mp1 =0
C2 = (32.8475x1.25/10)  kip = 4.106 kip/It and
D = 17.5x1.877. 4.106 = 28.7415 Kip/ft
Assuming the spacing of the strut as [Oft

center to center, the total strut loads are
obtained as:

A =26 x 10 =260 kip

B =(4.5+9.385) x 10= 138.85 kip
c

(9.385+4.106)xI0 = 134.91 kip and

D = 28.7415x10 = 287.415 Kip.
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The points of zero shears are obtained for the maximum bending moment as shown
below:

X = (reaction at B4/1.877) = (4.5/1.877) =24 11
Thus the bending moment at different point on the wall of braced cut are given by:
Ma = (/2)x12.5x1.877)x(Ix12.5/3» = 48.88 kip-ftf fi of wall
Mo = 4.5x2.4-1.877x(2.4)'/2  =5.39Icip-ft/ft of wall
Mp = 9.385x5-1.877x(5)2/2 = 23.4625 kip-11/fi of wall
MQ™ 4.106x2.19+1.877x2.19% /2 =-4.491 Kip-ftift of wall
Mo =-1.877x(7.5)2 /2 = -52.791lcip-ft/ft of wall

Thus, the maximum moment is at point D. Section modulus for the maximum bending
moment is given by:

Or, Sx~ (52.791x12/24) =26.39 in)/ft

Section AZ-17 gives Sx= 30.97 inJ/a of wall, which can be used.
For the wale at level A, Mmax = (A x S2/8) = (26x102/8) = 325 kip-ft/fl of wall.
Thus, Sx= (325x12/24) = 162.5 in’/ft of wall.
Section W 12x120 can be used for tlle wale that provide a Sx.x= 163 inJ/ft of wall.
Forthe wale at level B, Mmax= (B x S2/8) = (13.88x I02/8) = ] 73.5 kip-filft of wall.
Thus, Sx= (173.5x12/24) "86.75 in®/ft of wall.
Section W J2x65 can be used for the wale that provide a Sx_x=87.9 in.l/ft of wall.
For the wale at level C, Mm.x = (C x 5%8) - (13.49Ixl 0%8) - 168.64 kip-tl/fl of wall.

Thus, S, = (1 68.64x12/24) = 84.32 in)/ft of wall.

Section W 10x77 can be used for the wale that provide a Sx.x=85.9 in™/Il of wall.

For the wale at level D, Mmax= (D x 82/8) = (28.7415xI 0%/8) = 359.3 Kip-ft/ft of wall.

Thus, Sx= (359.3x12/24) = 179.63 inJ/ft of wall



Section W IRx97 can be used for the wale that provide a S,_r 188 in'Ifl"C wall

Strut  Design:  Use 60 GR Steel.
At A : Strut load =260 Kip.

149000 KL > F,.[l- }[KLCcI r” KL <

Here, F' ~ [ I fol _Ccand F' T 4 for _C,
KLIr r ~+~LIC 1 [KUI] r
38C 8 C

c

Now, C, =w=21"; = 97.67631; and KUr = 70.18 <C.; Hence, F, ~ 23.56 ksi
y .

Therefore, p =p,=F, As, => Fs= (260/( 11.8» =22.03 ksi<F. (0k)
Section W 12x40 can be used for the strut that providc a Arca = 1].8 in> and S,.x= 51.9

in'lft of wall.

At B : Strut load = 138.85 Kip.

Now,C. =II'-2E =97.67631; and KUr = 102.56 >Cc Hence, F. = 14.16 ksi

Therefore, p = p,= F,A,,=> Fs= (138.85/(10.3» = 13.47 ksi<F.(0k)
Section W 8x35 can be used for the shut that provide area” 10.3 in”and Sx.x™ 3.2 in%/ft

of wall.

At C : Strut load " 134.91 Kip.

E
Now,C. =w I? 97.67631; and KUr = 102.56 >Cc Henee, F, = 14.16 ksi

Therefore, p =p,=F, A" => Fs = (134.91/( 10.3» = 13.09 ksi<F. (ok)

section W 8x35 can be used for the strut that provide arca = 10.3 in? and Sx_x 31.2 inJ/ft
of wall.

At O: Strut load™ 287.415 Kip.

Now,C . = u-;Zl_E = 97.67631; and KUr =69.9 <C. Hence, F, ~ 23.63 ksi

y

Therefore, p=p,=F, A" => Fs = (287.415/( 13.2» = 21.76 ksi<F, (0k)

Section W 12x45 can be used Area A= 13.2 in2, Sx.x=58.1 in¥ft of wall.
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(c) Bared Pile:

From Braced Cuts, Maximum moments at D, MD = 52.791 Kip-ftlfl of wall.

When axial force or vertical force on the pile is zero, e/h = oo. Using Appendix A (Graph

A.15) of Nelson and Winter (1986) for Column Strcngth intcraction diagram for circular
column with'y = 0.75, Pg= 0.02 and <pP,,JAF O,

Where h is the pile diameter.
Assuming the spacing betwecn the pile as 1.5 ft,

Agh = (52.791x12x1.5)/0.36

This gives,
h ~ «2639.55x4)/(1<»1/3 = 14.98 inch. ™ 16 inch.

P = Ay(0.25x4+24x0.02) = (7tl4)x16> x1.48 = 297.57 kip

Pc= 0.25x A, fe'= 0.25x(7tl4)xI5% x 4 = 201.06 kip

P, = poPe= 96.51 kip

A" = P,/ f.=(96.51/24) = 4.02 in?
If # 8 bar is used the number of bar is calculated as = (4.02/0.79) = 5.1" 6 Nos.
Actual area of steel is thus, A. =6x0.79 =4.74 in?, where
p,= 0.45x«Agl Ac) -1)x(fe'/fy) = 0.45x«(7t14)x16%)/«  Ttl4)x12%)-1)x(4/60)) = 0.0233

g ~ (116)x Core dia. = (116)x 12= 2 inch.
p,= 4a,1 gDc = (4x(m'4)x(0.375i )/(1.5x12) =0.0245 >0.0233
This is obtained using #3 bar @ 1.5 inch cic as stirrup

(d) Diaphragm Wall :

From Braced Cuts, Maximum moments at D, Mn = 52,791 kip-111ft of wall.

Column Strength interaction diagram for rectangular section with 'Y= 0.75 was used for
design ofthe wall.

For Pg= 0.02 and <pP.,1Ag O,
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Thus, Ash = (52.791x12x10)/0.42 = 15083.143

Assuming the width of Diaphragm Wall, b = 10" = 120" (hence the spacing),
g h=(15083.143/120)V2 = 11.21 inch.es 12 inch.
P = 0.85xbxh (0.25x4+24x0.02) =0.85x120x12 xl.48 = 1811.52 kip
Pc.= 0.85x 0.25x4x120xI1 = 1224 Kip
P, " P-P; = 587.52 Kip
A", P/ f, = 587.52/(0.85x24) ~ 28.8 in?

Use #8 bar, No. of bar = 28.8/ 0.79 = 36.46™ 37 Nos. (in both sides)
No. of bar in one side = 37/2 = 18.5"" 19 Nos.
Spacing = (120-3)/1 9 =6.16 inch™ 6 inch.

Use #8 bar @ 6 Inch clc.

Using #3 bar for tie,
Spacing of tie bar = 16x(8/8) = 16 inch =48x(3/8) = 18 inch
Least dimension of col™ = 12 inch

Use #3 bar @ 12 inch c/c

Construction  sequence (NAVFAC Design Manual)
For Case 1:

Assumptions (1) No surcharge Load (2) No wall friction.
A. Stage | (Prior to installation of Brace 1)
Sheeting acts as cantilever wall.

Since the active earth pressure is negative, so the maximum moment for stage | is only

for water pressure. Therefore, Maximum moment,

My, = (~x0.0625X132 x(7j' x13» = 46ft - kips
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(3 . 1.87 psf

1.50 psf

Stage | Stage 2 Stage 3

Figure 11-5: Pressure distribution diagram for Case-I
B. Stage 2
I. Active Pressure :
At waterievel O"A =TH - 2Cy = (75.85x24-2x1060)/I000 =-299.6psj = -0.299psj

Water pressure on active side, p. =62.5x24 = 1.5ksj

Total pressure = o*. +p. = 1.5ksj (Omitted negative active earth pressure)

2. Point of zero net pressure: D = - 0.62ksj

_152
«4x10G0-75.85x24)/1000)

3. Reaction at (1) and (A) per linear foot of wall. Assume hinge (Zero bending moment)
at A R(I) =  «1/2)x1.5x24x(1/3)x24)/11.5  =12.52kip Using R(l) =

1.15x12.52 = 14.4kip; R(A) ((112)x1.5x24) -12.52 = 5.48kip

4. Point of zero shear :
12.52-(11 2)xS.x(1.5xS.x 124)=0; So = J2.5%.03125 = 20.016fi

5. Maximum moment:
Mmax = 12.52%(20.01-12.5) - «Il 2)x20.01x(1.5x20.01/24)x(20.01/3)
= 94.1-83.53=10.57kip- T

C. Final Stage:
Pressure distribution: y'H ICy = (75.95x50/1060) = 3.58<4

119



G. = r".1/(1- 4C~,Ir~.H) = 122.3x50(1- 4XJ059'{n.JX50) = 1877psf ™ I.K7ksf;

2. Strut loads per linear foot of wall: The analysis of strut load is similar to the case .1,
which has solved before.

R() = ((112x12.51.87x14.17 +1.87xIOx(I 0/2»/10 = 26kip
R(2) ~ (4.5 +9.39) = 13.89kip
R(3) = (9.39 +4.106) = 13.5kip

lled) = (175 + 1.B7 - 4,) 06) = 2B.74kip

3. Moment: The points of zero shears are obtained for the maximum bending moment as
shown below:

X =(4.5/1.877) =24 ft
Thus the bending moment at different point on the wall of braced cut are given by:
M, = (112)x12.5x1.877)x(IxI2.5/3» = 48.88 kip-ftl ft of wall
M' 2= 45%x2.4-1.877x(2.4i/2 =5.39 kip.ft/ft of wall
M2-3=9.385x5-1.877x(5)2/2 = 23.4625 kip-ft/ll of wall

M3-4= -4.106x2.19+ 1.877x2. 19?12 = -4.491 kip-ft/fl of wall
M. = -1.877x(7.5)2 12 = -52.791 kip-Nfl of wall

Thus, the maximum moment is at point 4.

D. Summary:
Construction Sta e Strut loads ki
|
11
Final = 13.89
= 28.74
For Case 3:

Assumptions (1) No surcharge Load (2) No wall friction.
A. Stage 1 (prior to installation of Brace I)

Sheeting acts as cantilever wall.
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Since the active earth pressure is negative, so the ma~mum moment for stage | is only

for water pressure. Therefore, Maximum moment,

Mn&<=(,YZ x0.0625x13' x(% xI3» = 46ft - kips

13
1.99 psf

1.50 psf

1.19 psf

Stage | Stage 2 Stage 3

Figure 0-6 : Pressure distribution diagram for Case-I
B. Stage 2
I. Active Pressure:
At water level,a. =yH - 2ey = (70.48x24-2x1260)/1000 = -828.5psf =-0.83psf

Water pressure on active side, P, =62.5x24 = 1.5ksf

Total pressure = a. +P, = 1.5ksf (Omitted negative active earth pressure)

2. Point of zero net pressure: D = 15 = 0.45ksf
«4x1260 -70.48x24)/ 1000)

3. Reaction at (J) and (A) per linear foot of wall. Assume hinge (Zero bending moment)
at A R() = ((112)x1.5x24x(1/3)x24)/11.5 =1252kip Using R(l) =
1.15x12.52 = 14.4kip; R(A) «1/2)x1.5x24) -12.52 =5.48kip

4. Point of zero shear :
12.52-(1/2)xS.x(1.5xS.x/24) =0; S. ==125%.03125 = 20.016ft

5. Maximum moment:
Mess o= 12.52%(20.01-12.5) - ((1/2)x20.01x(1.5x20.01/24)x(20.01/3)

= 94.1- 83.53 = 10.57kip - ft



C. Final Stage:
Pressure distribution: y'H IC" = (70.48xS0O/I260) = 2.8<4
o. = 0.3;H = 0.3x132.98xSO = 199Spsj = 1.99ks;j;

2. Strut loads per linear foot of wall: The analysis of strut load is similar to the ease -3,

which has solved before.

R() = ((1/2):>:12.5x1.995x14.17  +1.995x] 0:>:(10/2))/10 = 27.63kip
R(2) ™ (4.88 +9.975) "™ 14.86kip
R(3) = (9.975 +4.36) = 14.33Skip R(4) = (17.Sx1.995 - 4.36) = 30.55kip

3. Moment: The points of zero shears are obtained for the maximum bcnding moment as

shown below:

X = (4.88/1.995) ~ 2.4 ft

Thus the bending moment at different point on the wall of braced cut are given by:

Mi = (1/2)x12.5x1.995)x(1x12.5/3») =51.94 Kkip-ftl ft of wall
M2 = 4.78x2.4-1.995x(2.4)2/2 = 5.72 kip-ftIft of wall
M2.3= 9.97xS-1.99Sx(S)/2 = 24.91 kip-ftift of wall

M3-4= -4.36x2.19+ 1.998x2.192/2 = -4.77 Kkip-ftift of wall
M, =-1.995x(7.5i 12 =-56.11 kip-ft/ft of wall

From the above moments, ~ is maximum.
D. Summary:
Construction Stage Strut loads (kip) Moments (ft-Kips)
[ - 46
I RO)=144 | 10.57 between (1) and (4)
Final Rl |- 27.63 R(2) - 14.75 56.11 bctwceen (3) and (4)

R3 - 1434 R(4) - 30.55

I1-2 Design of Tunnel Structure:

Metro Rail Tunnel for a typical locations in Dhaka City is design considering the soil

condition encountered along thc route. Table shows the soil data used in the design.
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Design was conducted using the maximum long term horizontal pressure to represent the

worst case scenario.

Soil Depth Depth | vqd “(sat y' Min™ | Max" | Ave. | o K. K,
type variation | Height | Ib/ft' Ib/ft' Ib/ft" | on Jall il (deq)

(ft) (m (pst) | (pst) | (ost)
Clav,C; | 0-65 65 104.71 | 132.98 | 70.58 | 1008 | 1512 1260 | 0 | [
Sand,Ss  65.100 35 113.64 13951 7711 O 0 0 40 0.217 4.59

Hcre, the maximum Long term horizontal pressure coefficient, Kmuix = 1.3 x K. = 1.3x(l-

sin ¢p) For ¢p =0, kroftr = 1.3

Full Vertical Roof Load :

(i) Earth Cover =32x132.98 =4255.36 psf
(i) Roof Slab = 150x2.5 = 375 psf
(i) Surcharge g 300  psf
Total Roof Load =4930.36 psf.0:4931 psf

(@) \ertical Invert Reaction : (Cases | and 3 in Figure 6 and 7)

(i) Total Roof Load =4930.36 psf
(i) Weight of Walls «(1/2)X2.5x2.5x8+3x2x13)x150/30) = 515.00psf
Total Load = 5445.36 psf

0. 5446  psf

(b) Vertical Invert Reaction : (Cases 2)

Modify invert reaction as required to account for unbalanced horizontal loading.

(c) Vertical Stresses in Soil

At elevation b, Pl = 132.98x(32+2.5/2) = 4421.585 psf" 4422 psf

At elevation d, Pl = 132.98x(32+2.5/2)+132.98x15.5 =6482.775 psf.0: 6483 psf
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(e) Horizontal Pressure on Tunnel Structure

I. Let, P2= Maximum Long-term horizontal pressure:

At elevation b, P2= Pl XKmx = 4421.585x1.3

5748.06 psf::e 5749 psf

At elevation d, P2= P2XKm.x

6482. 775x1.3

8427.6075 psf::e 8428 psf

2. Let, P3 =Medium Underwater Short-term horizontal pressure:
At elevation b, P3= PI XK., = 4421.585xl = 4421585 psf:.e 4422 psf

At elevation d, P3= P2X K.,= 6482.775xl = 6482.775 psf::e 6483 psf

32'

2.5

15.5' 2.5
13
14
12

[ e T

--------------------- 1S - - --d

Figure 0-7: Vertical & Horizontal pressure effect on Tunnel Structure.
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Moment Distribution:  (For Case - 1)
167 k-ft.
167 k-ft~

5446 psf 119 k-ft

Figure 11-S (a) Pressure distribution diagram for  Figure 11-8(b) Moment distribution diagram for
Case - | (Long-Term & Balanced Condition) Case - | (Long-Term & Balanced Condition)

3. Let, p. = Active earth pressure if ground water is dewatered.

At elevation b, p.= K. x (1H + g) = 1x(J04.71x33.25+300) = 3781.61 psf" 3782 psf
At elevation d, p.= K. x (1H+ q) = Ix(104.71x48.75+300) = 5404.61 psf" 5405 psf

For Case- 2: For Case- 3:
5446 psf
5892 psf
Figure 11-9: Pressure distribution diagram for Figure 11-9: Pressure distribution diagram for
(Long & Short Term & Un-Balanced Condition) (De-Watered & Balanced Condition)
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On the hasis of Hori7.ontal pressure acting on Tunnel Structwt:, if cOllsider iug th(-4.ong-

telln elTcct then it satisfied from all conditions of Factor of Safety. So, Case-l s
described here:

() Negative Moment, M, : at interior faces of exterior supports for members built
integrally with their supports, where the support is a column = (1/16)
X(4931/1000)x14°  + (1/16)x({{S749+8428)12)11000)xIS.S2 = 166.84::: 167 kip-ft = M,

(2) Negative Moment, M., : at exterior faces of first interior sSUPPOIlIfor two spans - (1/9)
X(4931/1000)x14*> = 107.39::: 108 kip-ft.

(3) Positive Moment (between a & ¢) : M,., = If discontinuous cnd is integral with the
support = (1/14) x(4931/1000)x14?=  69.034::: 70 Kip-ft. Me~h

(4) Positive Moment, Mg and Mil: Mg = (1/14) x«(S749+8428)/2)/1000)x  15.52
= 121.64::: 122 kip-fl. 22wl

(5) Negative Moment, M., and Md: M.= (1/16) x(S446/1000)x142 + (1/16)x«(S749
+8428)/2)/1000)x1S.8%=  173.1S::: 174 kip-ft. =~

(6) Negative Moment, Me: Me= (1/9) x(S446/1000)x14? = 118.6™ 119 Kip-ft.

(7) Positive Moment (between ¢ & f) : M,.r = (1114) x(544611000)x142 = 76.24 :::77
kip-it = Mf.d

Depth Check:
Pm"x = 0.75 Pb = 0.75x0.85" X (4/60)x (87/(87+60» = 0.0214
For maximum moment atc, d°= (Mu/(tppfyb(1-0.S9pfylfc,»

= «174x12)/(0.90x0.0214x12x60(1-(0.59x0.0214x60/4») = 185.883 in2
<> d=13.63 inch::: 14 inch,

Which is less than the effective depth of, d = 2.5x12.3 ™ 27 inch.

Ifthc stress-block depth, a = 3 inch, then area of steel required per foot of width in the top
of the slab is, ASI = Mu/(cpfy(d-a/2) = (I 67x12/(0.90x60x(27-3/2») = 1.46 in2

al = A.fy/(0.85f;,b) = (1.46x60/(0.85x4x12) = 2.15 inch

AS2= 1.43in?;a2=2.105 inch; As) = 1.43in2; a) = 2.103 inch;

Hence, For Roof Slab ab :
at point a, As" = 1.43 in? = ASp(at point b) ;
Use # 8 No. bar@ (0.79x12/1.43) =6.63::: 6.5 in. dc

bctwecn point a and ¢, AS, e= 0.6 in’ = Me-h (between point e and It);
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Use # 8 No. bar @ (0.7?x 12/0.(0) "' 15.R™ 15.75 in clc
at point e, As"™ 0.925 in% Use # 8 No. bar@ (0.79x12/0.925) ™ 10.249" 10in. c/c

For Bottom Slab cd :
at point ¢, 15" = 1.49 in’ "Asd(at point d) ;
Use # 8 No. bar@ (0.79x12/1.49) ™ 6.36::::6.25 in. c/c

between point ¢ and f, AS._f= 0.66 in®> = ASf_{betwcen point fand d);
Use # 8 No. bar@ (0.79x12/0.66) = 14.36™ 14.25 in. cle

at point f, ASf=1.02 in® Use # 8 No. bar@(0.79x12/1.02)  =9.29:::: 9.25 in. cle

For Left Wall ae : Stress-block depth,

As} " Mu/(g>fy(d-atl2) = (167x12/(0.90x60x(21-3/2») = 1.903 in? ; at = A, fyl(0.85f¢.b)

= (1.90Jx60/(0.85x4x12) = 2.8 inch; AS;~ 1.89 in?; a2 = 2.78 inch; As] = IRQ in% a
= 2.78 inch;

Hence, For Left Wall ae and For Right Wall bd :

at point a, As. = 1.89 in* =Asb(at point b) ; but for roof slab As. = 1.43 in? Required As.
= (1.89-1.43) =0.46 in® Use # 4 No. bar @ (0.2x12/0.46) = 5.22 :::5 in. clc

Between point a and ¢, As-y= 1.383 in’ = ASb-dbetween point b and d); Use # 8 No. bar
@(0.79x12f1.J83)=6.85::::6.75 in. cfc

At point ¢, As, = 1.972 in® = at point d. but for bottom slab As, = 1.49 in? Required As.
= (1.972-1.49) =0.482 in” Use # 4 No. bar@(0.2x12/0.482) =4.98::::4.75 in. clc

Minimum Reinforcemeut for control of Shriukage and Temperature Cracking is:
For Top and Bottom Slab, As = 0.0018x12x30 = 0.648 inch? per 12 inch strip. Use # 5

No. bar @ (0O.31x12/0.648) = 5.74 :::5.5 in. cfc i.e, 11" cfc. both upper & lower direction.
For Left and Right Wall, As = 0.0018x12x24 = 0.52 inch? per 12 inch strip. Use # 5 No.
bar @ (0.31x12/0.52) = 7.15 :::7 in. c/c. 14" c/c. both upper & lower direction.

Shear Check:

(i) For Top Slab, ab :

A small increase in the amount of steel used at the exterior support is,
VU™ 1. 15x(493Ix14f2)-(493Ix27/12) = 28599.81bs = 28.6 Kips

The Nominal Shear strength of the concrete slab is,
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V, = V, = 2(fd12bd = 2x(4000)Ir.z,.12x27 =40983.12lbs = 40.98 kips
The Design Strength of the concrete slab, <pVc = 0.85x40983.12 = 34835.65 Ibs = 34.84
kips is well above the required strength in Shear of V,= 28599.8 Ibs = 28.6 kips.

(i) For Bottom Slab, cd :
Vo= 1.15x(5446x14/2)-(5446x27112) = 31590 Ibs = 31.59 Kips
<pVe 20.85x2(fd”2bd = 0.85x2x(4000)1i2x12x27 = 34840 lbs = 34.84 Kips

(li) For Wall ae & cd :

Vi = 1.15x«5.749+8.428)/2)x(15.5/2)-(7.09%21112) =50.77 kips

Ve =0.85x2(fd12hd = 0.85x2x(4000)112xI2x21 = 27.094 Kips <V,

So, Stirrup will be required. Use #3 bar.

Spacing, S = «0.85x0.22x60x21)/(50.77-27.094» =9.95" "9.75" clc.

Seese = 24" or Seeee = d/2 = (21/2) = 10.5" clc. or Smax= (0.22x60000/(50x12» = 22" clc.
Average Spacing, S =(9.75+ 10.5)/2 = 10.125" ™ 10" clc. Use #3 @ 10" clc.

Design of Middle Column:
(i) If Tied Column s used :

let, b =4 inch, h =24 inch
P =4931x14xI0 = 690340 Ibs = 691 Kips
PC = 0.85x 0.25x4x24x24 = 489.6 kips = 490 kips 14 ft

P, = P-P= (691-490) = 201 Kips
At=p) [.= (201/(0.85x24» =9.853 inch?

Use #8 bar, No. of bar = (9.853/0.79) = 12.47 Nos = 13 Nos
Figure 11-10: 3.0 view

For similarity, Use # 8 bar 12 Nos and #5 bar 2 Nos of Top slab & Co 1n]oint
Tie Design:

Using #3 bar.

Spacing of tie bar = 16x(8/8) = 16 inch. = 48x(3/8) = 18 inch
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Least dimension of col™ - 24 inch

Use #3 bar @ 16 inch clc

(it) If Spiral Column is used :

P ~ 691 kips

Pc~ 0.25x A, fe'~ 0.25x(7tl4)x24°x 4 ~ 452 kips
p. ~ P-Pe~239 Kkips

At~ P; f.~(239/24) =9.96 in?

Use # 8 bar, No. of bar =9.96/0.79 = 12.61 = 13 Nos

24 inch

#8

#4 @ 1.75"clc
24 inch

Figure 11.11 (a) Cross section of Middle Tied Figure 11.11 (b) Cross section of Middle Spiral
Column. Column

Actual areas, A= 13x0.79 = 10.27 in®

p. ~ 0.45x«Agi  Ac) -l)x(fe, Ify) = 0.45x«(7t14)x242 )/« 1t/4)x2l 2)-)x(4/60» =0.00918
g::::(e)x  Core dia. = (1/6)x21 = 3.5 inch.

p.= 4301g0c = (4x(7t14)x(0.375f )/(2.25x21) = 0.00935>0.00918

Use # 3 bar @ 2.25 inch de.
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11-3 Design of Station Building:

(a) Design of Slab:
Roor Snb :

1) Load Calculation:

Dead load:
(i) Selfload = (5.5112)x150 = 68.75 psf
(i) Lime concrete = (4/12)x120 = 40 psf
(i) Eloor finish ~ 15  psf
Total dead load =123.75 psf
Live load: For Habitual Atties (Table LI, Design of  Concrete Structures- Arthur H.

Nilson, Twelfth edition,) =30 psf

Total factored load = 1.4 xD.L + 1.7 x L.L =14 x 123.75 + 1.7 x 30 = 173.75 + 51 =
224.25 psf

1 1 1 1 1
: 200 | : : '
X A . B : C , D '
) 2~ 1 1 1 1
1 I 1 L
-I 1 1 1 1
1 1 . i 1 T T {
l : 2417 : : '
| - I . - . g b e
1 1 1 U
! ; 19170 ; !
.- """""" | ° 7T TTeTT TTTT et Tttt o
, : , ’ '
', ! | K : |3
: | . | ! ’I l. ’I
1 1 1 1
: II 1 1 1
o . o _ 1 1 1

Figure 11-12: Grid showing station building.
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2)

Moment Calculation:

(i) For Shorter Direction:

Negative moment at continuous edge:

For Atype Slab, M.l-ve) = Ceng. WI.2 = 0.07\x224.25x 19.172 =5.85\ Kip-ft
For B type Slab, Mmil (vey = Cawg WI/ = 0.055x224.25x19.172  :-:-;;4.53ip-fl

For E type Slab, Me (vc) = colneg. WI/ = 0.075x224.25x| 9.172 =6.181 Kip-ft
For F type Slab, Mqg_ve) = Ce.neg. WI/ = 0.065x224.25x 19.172=5.36 kip-n

Positive moment at Mid-Span Section:

For A type SlabMa (+vc) = cadl wla® + €N.N. wly? = 0.039x173.75 x19.172 +
0.048x51x19.17%kip-ft  — 3.383kip-ft

For B type Slab,Mb v = 0.032x\73. 75 x19.17% + 0.044x51x 19.172 kip-ft = 2.862
k-ft
For E type Slab,Mo vy = 0.029x173. 75 x19.17% + 0.042x51 x19.172 kip-it = 2.634
k-ft
For F type Slab,Mrl+, = 0.026x173.75 x\9.172 + 0.041x51x 19.172 kip-ft = 2.424
k-ft

Negative moment at discontinuous edge:

0

For A type Slab, M.]-vw) = (1/3) x 3.383 = 1.128 kip-ft
For B lype Slab, —~(-ve) = (1/3) x 2.862 = 0.954 Kip-it
For E type Slab, me (-vo)= (1/3) x 2.634 = 0.878 kip-fl
For Ftype Slab, Mq_v.) = (1/3) x 2.424 = 0.808 Kip-ft

For Longer Direction:

Negative moment at continuous edge:

For A lype Slab, Ma(vo) = cbng. wib® = 0.029x224.25x24.172 =3.8 kip-ft
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» For B type Slab, Mb(_vo} Cb.nogWIb'= 0.041 x224.25x24.17" =5.371 Kip-fl
* For E type Slab, M.,(.\VQ) Cb.".~wit? = 0.017x224.25x24.17" =2.23 Kkip-fi

» For F type Slab, Mr(.v,) = coig. wib® = 0.027x224.25x24.17°  =3.54 Kip-ft

Positive moment at Mid-Span Section:

« For A type Slab, M.(yc) = Cedl wl2 + CeN. win? = 0.016xI73.25x24.17*  +
0.020x51x24.17%  kip-ft = 2.215 kip-ft

«  For B type Slab,Mp (+v.)= 0.015x173.25x24.17% + 0.019x5 1x24.17* kip-fi = 2.084
k-ft

* For E type Slab,M.(.v<) = O.OleI73.25x24.172 +0.017x51x24.172 kip-ft = 1.5186
k-ft

«  For F type Slab,Mr(+ve)= 0.011x173.25x24.17> + 0.017x51x24.17% Kip-ft = 1.6198
k-ft

Negative moment at discontinuous edge;

For A type Slab, M.(.v.) = (1/3) x 2.215 = 0.738 Kip-ft
For B type Slab, Mb(_ve} (1/3) x 2.084 =0.695 kip-ft
For E type Slab, Me ) = (1/3) x 1.5186 = 0.5062 Kip-ft
* For F type Slab, Mf(.vo}= (1/3) x 1.6198 = 0.54 Kip-ft

3) Depth Check:

For fe'= 4000 psi, and fy= 60000 psi

p = 0.75x0.85x~Ix(fc-1 fy)x(87000/(87000+ fy)) = 0.0214

R = pfy ( 1- 0.59x fy/fc')= 0.0214x60000x(1-0.59x0.0214x60000/4000) =1040.081 psi
d = (MJg>Rb)1I2= (6.18Ix1000x121(0.90x1040.081x12» =257"« 5.5" (0k)

4) Shear Check;

Vu= 1.15x0.22425x24. 17/2-0.22425x4.75/12 = 3.03 kip
0>V,=(0.85x2x(4000)112 xI2x4.75)1000 = 6.13 Kip> Vu(ok)
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5) Reinforeemcnt Calculation:

(u) Short OQirection:

For maximum negative moment at discontinuous edge, A, =0.055 in2, usc #3 @ 11" de.
For maximum positive moment at mid-span, A, =0.163 in? usc #3 @ 8" clc.

For maximum negative moment at continuous edge, A.=0.304 in? usc #3 @ 5.75" de.

(b) Long Direction:

For maximum negative moment at discontinuous edge, 1\,= 0.0:35 in2, lise #3 @ 11" de.
For maximum positive moment at mid-span, A, = 0.106 in2,usc #3 @ 11" c/c.

For maximum negative moment at continuous edge, A, =0.2622, use #3@ 6.5"c/c.
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- s@ lide 43 @ 8"dc at. ckd
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Figure 1I-13: Detail reinforcements of Roof Slab.
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Second Floor_ Slab:

Assuming thickness of floor slab ~ 7.5"

1) Load Calculation:

Dead load:
(1) Scifload ~ (7.5/12)xI150 ~ 93,75 psf
(i) Floor finish =12 psf
(iii) Loads due to partition wall ~ 23145 psf
Total dead load =337,2 psf

Live load: For Lobbies or Platforms (Table 1,1, Design of Concrete Structures- Arthur

H, Nilson, Twelfth edition,) = 100 psf

Total factored load = 1.4 x D,L + 1.7 x L.L = 1.4 x 337,2 + 1.7 x 100= 472,08 + 170 =
642,08 psf

2) Moment Calculation:

(il For Shorter Direction:

Maximum Negative moment at continuous edge:

For E type Slab, Mo(vo) = C"nogwl,” = 0.075x642.08x 18,75° =16,93 kip-ft
Maximum Positive moment at Mid-Span Section:

For A type Slab.M, avey = Cudl WE? + cin. Wi,?2 - 0.0:19x472.0R xIR.7S* +
0.048x170x18,7SSkip-ft = 9.341 kip-ft

Maximum Negative moment at discontinuous edge:

For Atype Slab, m(vo) = (1/3) x9,341 =3.114 Kip-ft

(if) For Longer Direction:

Maximum Negative moment at continuous edge:

For B type Slab, Mt,(.vo) Cb,negWIb’= 0.041x642.08x23.75° =14.85 kip-It
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Maximum Po.itive moment at Mid-Span Section:
« For A type Slab, ~+v) = Cadl wl/ + Call. w/ = 0.016x472.08x23.7S> +

0.020x170x23.7S°  kip-ft = 6.1783 Kip-it

Maximum Negative moment at discontinuous edge:

e For Atype Slab, M,c-, = (1/3) x 6.1783 =2.0594 kip-ft

3) Depth Check:

For fe'= 4000 psi, and f, = 60000 psi
p = 0.75x0.85xPIX(..1 fy)x(87000/(87000+ f» = 0.0214

R = pfy ( 1. 0.59x fy/ fe) = 0.0214x60000x(I-0.59x0.0214x60000/4000)  =1040.081 psi
d ~ (M./cpRb)I12 = (16.93x1000x12/(0.90x1040.08IxI2» /2 = 4.25"«  7.5" (oK)

4) Shear Check:

V" = 1.15x0.64208x23. 75/2-0.64208x6.75/12 = 8.4072 Kip
<pVe=' (O.85x2x(4000/2  x12x6.75)/1000 = 8.709 kip> V" (oK)

5) Reinforcement Calculation:

(@) Short Direction:
For maximum negative moment at discon. edge, A,= 0.104 in’. use #3 @ 12.5" clc.

For maximum positive moment at mid-span, As=0.32 in use #4 @ 7.5" clc.

For maximum negative moment at continuous edge, A.=0.6 in? use #4 @ 5.75" clc.

(@ Long Direction:
For maximum negative moment at discontinuous edge, A,= 0.069 in2, use #3 @ 1S" clc.
For maximum positive moment at mid-span, A"= 0.21 in2, use #3 @ 6.25" clc.

For maximum negative moment at continuous edge, A, = 0.52 in’, use #4@ 5.75"clc.
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Figure 11-14: Detail reinforcement of second Floor Slab.
Eirst Floor Slab:

Assuming thickness offioor slab =9.5"

1) Load Calculation:

Dead load:
0) Self load =(9.5/12)x150 = 118.75 psf
(i) Floor finish =12 psf
(i)  Loads due to partition wall = 305.77 psf

Total dead load =436.52 psf

Live load: For Lobbies or Platforms (Table 1.1, Design of Concrete Structures- Arthur
H. Nilson, Twelfth edition,) = 100 psf

Total factored load = 1.4 x D.L + 1.7 x L.L = 1.4x 436.52 + 1.7 x 100= 611.12 + 170 =
781.12 psr.
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2) Moment Calculation:

() For Shorter Direction:

Maximum Negative moment at continuous edge:

*  For E type Slab, Me(,ve}= Ca."».wl." = 0.075x781. J2x 18.52=20.05 kip-It
Maximum Positive moment at Mid-Span Section:

« For A type SlabMa (+v¢) = Cadl wl? + Call. wl/ = 0.039x611.12 xI8.52 +
0.048x170x18.5%kip-ft = 10.9S kip-fi

Maximum Negative moment at discontinuous edge:

* For Atype Slab, Ma(.ve)= (1/3) x 10.95 = 3.65 kip-ft

(i) For Longer Direction:
Maximum Negative moment at continuous edge:

«  For Btype Slab, Mb(.ve)= Cb.nogn1b2= 0.041x 781.12 x23.52 =17.69 Kip-ft
Maximum Positive moment at Mid-Span Section:

« For A type Slab, ~+ve) = Cedl w2 + Cell. wl/ = 0.016x611.12x23.52 +
0.020x170x23.52 kip-fi = 7.28 Kip-fi

Maximum Negative moment at discontinuous edge:

e For Atype Slab, Ma(.ve)= (1/3) x 7.28 = 2.426 Kkip-It

3) Depth Check:
For fc'= 4000 ps~ and fy= 60000 psi
p = 0.7Sx0.85xPIX(fJ fy)x(87000/(87000+ fy» = 0.0214

R ™ pfy ( 1- 0.59x fyl fc))= 0.0214x60000x(1-0.59x0.0214x60000/4000)  =1040.081 psi
d = (Mul(jIRb)112 (20.05x1000x12/(0.90x1040.081x125 12= 463"« 95" (ok)

4) Shear Check:
vn = 1.15x0.78l 12x23.5/2-0.78 112x8.751J2 = 9.985 kip

<PVc = (0.8Sx2x(4000)112 x12x8.7S)/I000 = 11.29 kip> Vu(ok)

5) Reinforcement Calculation:

(a) Short Direction:

For maximum negative moment at discon. edge, A.= 0.094 in2 usc #3 @ 14" clc.
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For maximum positive moment at mid-span, As= 0.29 in’, use #4 @ 8.25" clc.

For maximum negative moment at continuous edge, A,= 0.533 in’, usc #4 @ 6.5" clc.

(a) Long Direction:

For maximum negative moment at discontinuous edgc, A, = 0.063 in\ use #3 @ 19" c/c.

For maximum positive moment at mid-span, As= 0.188 in* use #3 @ 7" c/c.

For maximum negative moment at continuous edge, A, = 0.52 in’ use #A@ 6.25"clc.
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#4 @ 6.25"clc #3 @ 7"c/c all. ckd.
Figure 11-15: Detail reinforcement of first Floor Slab.
For Transverse Interior (TI) Section:
Dead Load:
wt. of Slab = (55/1 2)x25x.0.15 = 1.72  Kift
wt.ofL.C.=(4/12)x25x.0.15 =1.25 klft
wt. of Plaster = (0.5/12)x25x.0.15  =0.15625 k/ft
Stem of Beam = 12x18.5x.(0.15/144) = 0.23125 kill
Total Dead Load for Roof Beam = 3.3575  Kift
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Factored Dead Load for Roof Beam = 1.4x3.3575 = 4.7005 Kkilt
Factored Live Load for Roof Beam = 1.7x30x25 = 1.275 Kkift
Total Factored Load = 5.98 klft

For Transverse Exterior (TE) Section: Total Factored Load =2.99 Kkift
For Longitudinal Interior (LI) Section: Total Factored Load =4.844 Kkift
For Longitudinal Exterior (LE) Section: Total Factored Load = 2.422 Kkin

5.98 kift 209 Wit
20 ft 20 ft 20 ft | 20 ft | 20 ft 20 ft |
" L " » wu "
20ft w0 20 ft .o o020 ft
Shear Force dia.(Tl) Shear Force dia.(TE)
191.36 k-ft 95.68 k-l
C—
Lok 20t 201 3 20t 20 f
~1.£. Y~
Bending Moment dia.(TI) Bending Moment dia.(TE)
4.844 K/ft
2.422 Kkill
ST et gy
11IB1'1B W~ WF'JE 1B 1B
Ver. Load distribution dia.(LI) Vcr.Load distribution dia.(LE)
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Shear Force dia.(LI) Shear Force dia.(LE)
121.1 k-ft

136.2 k-ftl 68.12 k-ft
1
@@ @@ @@ W-= WMmM.@@ -

Bending Moment dia.(LI) Bending Moment dia.(LE)
Figure 11-16: Ver. Load, Shear force and Bending moment dia. of first Floor Slab.

Chart for Design Moment and Shear (Roof) :

Frame Desi n PositiveMoment

Desi n Shear
T. 191.36 ki -ft 59.8 ki
T.E 95.68 ki -ft 299 ~.
L.l 242.20 ki -ft 60.55 ki
L.E 121.10ki-ft 30.275 ki

Design of Roof Beam:

For: Longitudinal Interior (LI) frame:
Design PositiveMoment = 191.36 k-ft = 2296.32 in-Kips.
Design Negative Moment = 107.64 k-ft = 1291.68 in-kips. h

£

Section of beam = 12"x24" ’ 1
For fe'= 4000 psi and fy= 60000 psi 22"
For positive moment: 22"
d=24"-2" = 22" 18.5"
Effective flange, 16hr+h, = J6x5.5+J2 = JOO inch (@)
Span/4 = (25xJ2/4) = 75" E

Centre line beam spacing = (25x2512) =25 ft, i.e, b =75"
Assuming the stress block depth equal to flange thickness of 5.5"

d-al2 = 22- 5.5/2 = 19.25"; A, = (MI(<pfy(d-a/2» = (242.2xI2/(0.9x60x19.255 - 2.8 in?
Now, p=A, Ibd = (2.8175x22) = 0.00 17

i.e, a = pfyd/(0.85x fe')= (0.00 17x60x22/(0.85x4» = 0.66 inch.
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Since. a is less than hl', a rectangular analysis is required. For singly reinforced beam.
d=22". A =0.0214x22x12 =5.6496 in?

a = (5.6496x60/(0.85x4x12)) ""8.31 in
As = (2906.4/(0.9x60x(22-8.31/2») = 3.02 in?
By tnal & error. at final stage. As=2.688 inZeUse 4 Nos #8

Depth Check:
d2 = (242.2x12)/(0.9x0.0214x60x12x(I-  0.59x0.0017x60/4)) = 212.87
@ d "™ 14.59" <22" (ok).
Development Length: For #8 No. bar: Ld = (O.04fA/( £,)1/2F 37.95":::: 38"

Shear Check at Support: At d depth. Design shear. V.4 = (60.55x10.67/12.5) = 51.69
kips. Allowable shear capacity. <pVc = (0.85x2x(4000)112x 12x22 = 28.384 kip < 51.69
kips. So. Stirrup is required.

Use #3 No. bar. S = (0.85x0.22x60000x22/«  51.69 -28.384)x1000))) = 10.6" ™ 10.5"clc
Smax= (0.4x60000/(50x12)) = 40"

Sma.~ (22/2) = II"

Smax = 24"

Average Spacing. (10.5"+11")/2  =10.75" clc.

For negative moment:

Negative moment = 136.2375 kip-fi = 1634.85 inch-kips
As = 0.0214x22x12 = 5.65 in2

a = (5.65x60/(0.85x4x12)) = 8.31 inch.

As = (1634.85/(0.9x60x(22-8.31/2))) = 1.69 in?

By tnal & error. at final stage. A, = 1.45in\ Use 2 Nos #8

For Longitudinal Exterior (LE) frame:

For positive moment:

Positive moment = 121.1 kip-ft = 1453.2 inch-Kips

As= 0.0214x22x12 = 5.65 in’

a = (5.65x60/(0.85x4x12)) = 8.31 inch.

A, = (1453.2/(0.9x60x(22-8.31/2))) = 1.51 in?

By trial & error. at final stage. A, = 1.28 in% Usc 2 Nos #8
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For negative moment:

Negative moment = 68.12 kip-ft = 817.44 inch-kips
A, = 0.0214x22x12 = 5.65 in

a = (5.65x60/(0.85x4x12» = 8.31 inch.
A, = (8\7.44/(0.9x60x(22-8.31/2»)  =0.848 in
By trial & error, at final stage, A. ~ 0.705 iu’>, Use 3 No #5.

For Transverse Exterior (TE) frame:

For positive moment:

Positive moment = 95.65 Kip-ft = 1\48.16 inch-kips

A. =0.024x22x\2 =565 in®

a = (5.65x60/(0.85x4x12» = 8.31 inch.

A, = (1148.16/(0.9x60x(22-8.3112») = 1.19 in

By trial & error, at final stage, A, = 1.0in?, Use 4 Nos #5

For negative moment:

Negative moment = 53.82 Kip-ft = 645.84 inch-kips

A. = 0.0214x22x\2 = 5.65 in’

a = (5.65x60/(0.85x4x12» = 8.3\ inch.

A, = (645.84/(0.9x60x(22-8.31/2») = 0.67 in’

By trial & error, at final stage, A, = 0.554 in?, Use 2 Nos #5.

For Transverse Interior (TIl) frame:

For positive moment:

Positive moment = 191.36 Kip-ft =2296.32 inch-kips
As = 0.0214x22x12 = 5.65 in’

a = (5.65x60/(0.85x4x12» = 8.31 inch.

A. = (2296.32/(0.9x60x(22-8.31/2») = 2.383 in?

By trial & error, at final stage, A. = 2.08 i1l°> Use 3 Nos #8.
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Figure 11-20: Longitudinal Cross Section of (LI) Roof Beam.
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Figure 11-21:Longitudinal Cross Section of (LE) Roof Beam.

vertical load Analysis for Second Floor Beam ;

For Transverse Interior (TI) Section:

Dead Load:
wt.ofSlab = (7.5/12)x25x.0.15 = 2.344  Klft
w t. of Floor Finish = (1/12)x25x.0.15 =0.3125 Kklft
wt. of Plaster =(0.5/12)x25x.0.15  =0.15625 Kift
Stem of Beam =15x195x(0.15/144)= 0305 klift
Total Dead Load for 2™ Floor Beam =3.12 Kift
Factored Dead Load for 2" Floor Beam = 1.4x3.12 = 4.368 klft
Factored Live Load for 2" Floor Beam = 1.7x100x25 =4.25 kIft

Total Factored Load =8.618 klft

11-34

1



For Transverse Exterior (TE) Section: Total Fact()fcd Load ',1.10) Kill

I"'or Longitudinal Interior (L1) Section:

For Longitudinal Exterior (LE) Section:

8.618 klft

20 ft 20 ft 20 ft

Im
m
H

VeL Load distribution dia.(TI)

E 20ft e« g 20 ft 20 ft e

Shear Force dia.(TI)

275.8 k-ft

N Jl)“;""l
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(; 977 Kiit

VeL Load distribution dia. (LI)
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Shear Force dia.(LI) Shear Force dia.(LE)

174.4 k-ft

Bending Moment dia.(LI) Bending Moment dia.(LE)

Figure 11-22: Ver. load, Shear force and Bending moment dia. of second floor Beam.

Chart for Design Moment and Shear (2" Floor) :

Frame
T.
|.E
L.
L.E

Design of Second Floor Beam: .

For :Longitudinal Interior (LI) frame:
Design PositiveMoment = 348.9 k-ft = 4186.8 in-Kips.
Design Negative Moment = 196.23 k-ft = 2354.76 in-kips.

Section of beam = 15"x27"

b
<
For fe'= 4000 psi and fy= 60000 psi
For positive moment: 25"
d=27"-2"=25" 19.5"
Effective flange, 16hr+ b, = 16x7.5+15 = 135 inch @)
Span/4 = (25x12/4) = 75" < 15"4

Centre line beam spacing = (25x2S/2) = 2S ft, i.e, b =75"
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Assuming the stress block depth equal to Oange thickness of 7.5"

d-a/2 = 25- 7.5/2 = 21.25"; A, = (Mu/(<pfy(d-a/2» = (348.9x12/(0.9x60x21.25» = 3.65 in2
Now, p = A, Ibd = (3.65/75x25) = 0.00194

i.e, a = pfyd/(0.85x fc') = (0.00194x60x25/(0.85x4» = 0.86 inch.

Since, a is less than hr, a rectangular analysis is required. For singly reinforced beam,
d=27"-4"= 23", A,.=0.0214x23x15 =7.383 ill

a = (7.783x60/(0.85x4x15» = 8.69 in

A, = (4186.8/(0.9x60x(23-8.69/2») = 4.16 in?

By trial & error, at final stage, A, = 3.73 in!, Use 4 Nos #8 and 2 Nos #5

Depth Check:

d° = (348.9x12)/(0.9x0.0214x60x15x(I_  0.59x0.0108x60/4» ..+267.06 in2
=> d = 16.34" <23" (0k).

Development Length: For #8 No. bar. Ld = (0.04fyd,'/((,)"2) = 37.95":;; 38"

Shear Check at Support: At d depth, Design shear, Vu(d)= (87.2 125x7.292/9.375) =
67.835 kips. Allowable shear capacity, <pVc= (0.85x2x(4000)1/2x 15x25)/1000 = 40.32
Kip < 67.835 kips. So, Stirrup is required.

Use #3 No. bar, S = (0.85x0.22x60000x25/«  67.835-40.32)x1000») = 10.19"::; 10"clc
SOI" = (0.4x60000/(SOxIS» = 32" Sma, = (2S/2) = 12.S" Sma, = 24"

Average Spacing, (10"+12.5")/2 = 11.25" clc.

For negative moment:

Negative moment = 196.23 kip-ft = 2354.76 inch. kips

A, = 0.0214x25xI15 = 8.025 in'

a — (8.025x60/(0.85x4x15» = 9.441 inch.

A, = (2354.76/(0.9x60x(25-9.44112))) = 2.15 in2

By trial & error, at final stage, A, = 1.822 in2, Use 3 Nos #8

For Longitudinal Exterior (LE) frame:

For positive moment:

Positive moment = 174.4 kip-1l = 2092.8 inch-kips
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A, =0.0214x25x15 = 8.025 in
a = (S.025x60/(0.85x4xIS» = 9.441 inch.
A, = (2092.8/(0.9x60x(2S-9.441/2») = 1.911 in?

By trial & error, at final stage, /\, = 1.6113 in> Use 2 Nos #8 and 1No #5

For negative moment:
Negative moment = 98.12 kip-ft = 1177.44 inch-kips
A, = 0.0214x25x15 = 8.025 in?

a = (8.025x60/(0.85x4x15»  ~ 9.441 inch.
A, = (1177.44/(0.9x60x(25-9.441/2») = 1.075 in?
By trial & error, at final stage, /\, =0.891 in% Use 2 Nos #8 .

For Transverse Exterior (TE) frame:

For positive moment:

Positive moment = 137.9 kip-ft = 1654.8 inch-kips

A, = 0.0214x25xI5 = 8.025 in?

a = (8.025x60/(0.85x4x15» = 9.441 inch.

A, = (1654.8/(0.9x60x(25-9.441/2») = 1.551 in?

By trial & error, at final stage, A, = 1.263 in% Use 2 Nos #8

For negative moment:

Negative moment = 77.562 Kip-ft = 930.744 inch-kips

A, = 0.0214x25xIS = 8.025 in?

a = (8.025x60/(0.85x4x15»  =9.441 inch.

N\, = (930.744/(0.9x60x(25-9.441/2»)  =0.85 in?

By trial & error, at final stage, /A, = 0.701 in% Use 3 Nos #5

For Transverse Interior (T1) frame:

For positive moment:

Positive moment = 275.8 kip-It = 3309.6 inch-Kips

N, =0.0214x25x15 = 8.025 in?

a = (8.025x60/(0.85x4x15» =9.441 inch.

N, = (3309.6/(0.9x60x(25-9.441/2») =3.022 in?

By trial & error, at final stage, A, =2.612 in?, Use 4 Nos #8
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For negative moment:

Negative moment = 155.124 kip-ft = 1861.5 inch-kips
A.=0.0214x25x15 = 8.025 in®

a = (8.025x60/(0.85x4xI5»  =9.441 inch.

A. = (1 861.5/(0.9x60x(25-9.441/2») = 1.7 in?

By trial & error, at final stage, A, = 1.427 in?, Use 2 Nos #8

Middle Section (T1)  Support Section (TI) Middle Section (TE)  Support Section (TE)

E Is" = o 15" = 5" E 15'";.
25|' . ~ | L’ Il 'I
j moa " t3@ n N
27" 25" 27" 25 125"cle 27 2218 o7
6NOI.8 NO&.S

I—\ s — da- .

Middle Section (L1)  Support Section (LI)  Middle Section (LE)  Support Section (LE)

15" EO )5J

5"
21" 27"

3@
10"clc

Figure 11-23: Transverse Cross Section of 2" Floor Beam.

2 Nos #8 St. Top
/ | 2 -# 8 ext. bot.
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"|i~2NOS#8 19 ~ v

St. Bot. -
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Figure 11-24: Longitudinal Cross Section of (TI) 2" Floor Beam.
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Figure [U-25: Longitudinal Cross Section of (TE) 2" |Floor Beam.
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Figure 11.26: Longitudinal Cross Section of (LI) 2" Floor Beam.
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Vertical load Analysis for 1" Floor Beam:

For Transverse Interior (TI) Section:

Dead Load:
wt. of Slab = (9.5/12)x25x.0.15 =2.97 klft
wl. of Floor Finish = (1/12)x25x.0. 15 =0.3125 KIft
wt. of Plaster = (0.5/12)x25x.0.15 =0.15625 k/ft
Stem of Beam = 18x20.5x.(0.15/144) ™ 03844  KIft
Total Dead Load for 2" Floor Beam = 3.823 klft
TOlal Faclored Load for I" Floor Beam =9.6022 klft
For Transverse Exterior (TE) Section: Total Factored Load =4.8011 Kk/ft
For Longitudinal Interior (LI) Section: Total Factored Load =7.7881 Kill
For Longitudinal Exterior (LE) Section: Total Factored Load =3.8941 Kift
9.602 kit 4.80 1 Kift
20 ft 20 ft 20 ft 20 ft
. s N I |, 201t 20 ft

Ver. Load distribution dia.(TI)

20 ft ( 20 ft 20 ft > 20 ft

( 20 ft
Shear Force dia.(TI)

307.27 k-ft

— R4 kT

_— i D)

A
20ft ~ 20 ft

<=

Bending Moment dia.(TI)
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1 R94 KkiIfl

n 1 nmuquqmmqn 1

~—~ ~ f&i~ IR —
Ver. Load distribution dia.(LI) Ver.Load distribution dia.(LE)
97.352 kip 48.68 kip
L | W r. I,. r. r.
I
Shear Force dia.(LI) Shear Force dia(LE)
389.41 k-ft 194.7 k-ft
109.5 k-ft
Bending Moment dia.(LI) Bending Moment dia.(LE)

Figure 11-28; Vcr. load, Shear force and Bending moment dia. of firsllloor Beam.

Table for Design Moment and Shear (I" Floor) :

Frame
T
TE
L.l
L.E

Design of I" Floor Beam:
For :Longitudinallnterior (LI) frame:
Design PositiveMoment = 389.408 k-ft =4672.9 in-kips.

Design Negative Moment =219.402 k-ft =2628.504 in-kips.
Section of beam = 15"x27"

For fc'=4000 psi and fy= 60000 psi
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For positive moment: b

N 2
d=30"-2"=28" 1
9 5n
Effective flange, 16hr+ b, = 16x9.5+18 = 170 inch
Span/4 = (25x1214) = 75" 28"
Centre line beam spacing = (25x25/2) = 25 ft, i.e, b =75" 20.5"

Assuming the stress block depth equal to flange thickness 0f9.5" 0

d-a/2 = 21.25"; A, = (Mul(cpfy(d-a/2» <187

= (3R9.40Rx12/(0.9x60x21.25» = 4.072 in2

Now, p = A, /bd = (4.072175x28) = 0.00194

i.e, a=pfyd/(0.85x f) = (0.001 94x60x28/(0.85x4» = 0.958 inch.

Since, a is less than hr, a rectangular analysis is required. For singly reinforced beam,
d = 30"-4"= 26", A, = 0.0214x26x18 =10.0152 in?

a = (10.0152x60/(0.85x4x18»  =19.82 in

A, = (4672.9/(0.9x60x(26-9.82/2») = 4.103 in2

By trial & error, at final stage, A, = 3.57 in2, Use 4 Nos #8 and 2 Nos #5

Depth Check:

d? = (389.408x12)/(0.9x0.0214x60x18x(I_ 0.59x0.00762x60/4» =216.806 in2
~ d ™ 14.724" <26" (ok).

Development Length: For #8 No. bar: Ld= (0.04f,dJ( f,)1/2)=37.95"::: 38"

Shear Check at Support: At d depth, Design shear, Vu(d) = (97.352x(11.75-
2.17)/11.75) = 79.373 kips. Allowable shear capacity, cpV, (0.85x2x( 4000)112x

18x26)/1000 = 50.32 kip < 79.373 Kips. So, Stirrup is required.

Use #3 No. bar, S = (0.85x0.22x60000x25/«  79.373 -50.32)x1000») = 9.655" ™ 9.5"c/c
Sma.= (0.4x60000/(50x18» = 26.67" Smax= (28/2) = 14" Sma,= 24"

Average Spacing, (9.5"+14")/2 = 11.75" clc.

For negative moment:

Negative moment =219.042 kip-ft = 2628.504 inch-kips
A, = 0.0214x28xI8 = 10.7856 in?
a = (10.7856x60/(0.85x4x18» = 10.574 inch.

As = (2628.504 /(0.9x60x(28-10.574/2») = 2.143 in?

2

By trial & error, at final stage, A, = 1.795 in“, Use 2 Nos #8 & | No. #5
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For Longitudinal Exterior (LE) frame:

For positive moment:

Positive moment = 194.704 Kip-ft = 2336.45 inch-kips

A, =0.0214x28xI18 = 10.7856 in?

a = (1 0.7856x60/(0.85x4xl 8» = 10.574 inch.

A, = (2336.45 /(0.9x60x(28-10.574/2») = 1.905 in?

By trial & error, at final stage, A, = J.59 in?, Use 2 Nos #8 & | No. #5
For negative moment:

Negative moment = 109.521 kip-ft = 1314.252 inch-kips

A, =0.0214x28x18 = 10.7856 in2

a = (10.7856x60/(0.85x4xI8» = JO.574 inch.

A, = (1314.252 /(0.9x60x(28-10.574/2») = 1.0715 in?

By trial & error, at final stage, A, =0.883 in2 Use 3 Nos #5

For Transverse Exterior (TE) frame:

For positive moment:

Positive moment = 153.64 kip.ft = 1843.68 inch-kips

A, =0.0214x28xI8 = 10.7856 in2

a = (10.7856x60/(0.85x4x18» = 10.574 inch.

A, = (1843.68 /(0.9x60x(28-10.574/2») = 1.503 in2

By trial & error, at final stage, A, = 1.247 in? Use 2 Nos #8

For negative moment:

Negative moment = 86.42 Kip-ft = 1037.04 inch-kips

A. = 0.0214x28xI8 = 10.7856 in?

a = (10.7856x60/(0.85x4x18» = 10.574 inch.

A, = (1037.04 /(0.9x60x(28-10.574/2))) = 0.845 in2

By trial & error, at final stage, A. =0.6943 in? Use 3 Nos #5

For Transverse Interior (TI) frame:

For positive moment:

Positive moment = 307.27 Kip-ft = 3687.24 inch-kips
A. =0.0214x28x18 = 10.7856 in?

a = (10.7856x60/(0.85x4x18» = 10.574 inch.

As = (3687.24 /(0.9x60x(28-10.574/2») = 3.01 in2
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By trial & error, at final stage, A. =2.553 in?, Use 4 Nos #8
For negative moment:

Negative moment = 172.84 Kip-fl = 2074.08 inch-kips

A. = 0.0214x28x18 = 10.7856 in?
a — (10. 7856x60/(0.85x4x18» = 10.574 inch.
A. = (2074.08/(0.9x60x(28-10.574/2») = 1.691 in?

By trial & error, at final stage, A. = 1.406 in2, Use 2 Nos #8

Middle Section (TE)

Middle Section (TI)  Support Section (TI)

E: 187 E 18":3
|
B o By,
A
= 9,$"ele

Middle Section (LE)

Middle Section (LI)  Support Section (LI)

E 18"J 18" 18"

30"

Support  Section (TE)

Foign=.

BB ges

d3@/
t4l1t~.

Support Section (LE)

18"

30"

Figure 11-29 : Transverse Cross Section of 1" Floor Beam.
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Figure 11-30 : Longitudinal
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Cross Section of (TI) I" Floor Beam.
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Figure 0-31: Longitudinal Cross Section of(TE) 1" Floor Beam
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Figure 11-32: Longitudinal Cross Section of (LI) 1" Floor Beam
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Figure 0-33 : Longitudinal Cross Section of (LE) I" Floor Beam.
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Figure 11-34: Specification of type & size of Column on 2" Floor.

Design ofColnmn CI :

Total Load acting on Column, P =2.99x10+2.422x12.5 =60.175 Kips
Pc= 0.85x0.25x4xI0x10 = 85 Kips

Here, P< Pc, So, Minimum Reinforcement will be apply. Assume, Pg =0.01
A.e= 0.0IXIOXIO = | in Use 4 Nos #5.

Tic Rod:
Use #3 No bar,

Spacing, Sl = 16x5/8 = 10", S2=48x3/8 = 18", S] = Least dimention of column = 10"
Hence, Use #3 No bar@ 10" clc.

Design of Column C2 :

Total Load acting on Column, Pl = 5.98x10+2.422x25 = 120.35 Kkips, P2 ™
2.99x20+4.844x12.,5 = 120.35 Kips, i.e, P = 120.35 Kips.
Pc= 0.85x0.25x4xI5x15 = 191.25 Kips

Here, P< Pc, So, Minimum Reinforcement will be apply. Assume, Pg =0.01
A" =0.01x15x15 =2.25 in?Use 8 Nos #5.
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Tie Rod:
Use #3 No bar,

Spacing, S, = 16x5/8 = 10", S2= 48x3/8 = 18", S3= Least dimention of column = 15"

Hence, Use #3 No bar @ 10" c/c.

Design of Column C3:
Total Load acting on Column, P =5.98x20+4.844x25 = 240.7 kips
Pc= 0.85x0.25x4xI8xI8 = 275.4 Kips

Here, P< Pc, So, Minimum Reinforcement will be apply. Assume, Pg = 0M

2

A.t=0.01x18x18 =3.24 in“Use 12 Nos #5.

Tie Rod:
Use #3 No bar,

Spacing, SI = 16x5/8 = 10", S2= 48x3/8 = 18", S3= Least dimention of column = 18"

Hence, Use #3 No bar @ 10" clc.

Column ClI ColumnCl ColumnC3

E

15"

Figure 11-35: Cross Section of Column on 2™ Floor.

Design of Column on 1. Floor:

For Longitudinal Interior (LI) Direction:

(i) From Beam

(ii) From Col™= «14.542x(4x0.694+ 10x1.5625+6x2.25)x0.15)/(62x102»x20
(iii) From Boundary Wall = «(5x0.83x320x0.I15)/(62x]1  02»)x20

(iv) From Partition Wall = «8x(320+80+4x2x15)x0.42)x0.12/(62x102»)x20
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Total Load, w = (11.821+1.4x(0.22+0.632+0.658) = 13.935 kin

For LE : w =6.97 klIft, For Tl :w = (5.98+8.618)+ 1.4x(0.275+0. 79+0.822) = 17.24 KIft,
For TE :w = 8.62 klift

Design of Column CI :

Tolal Load acting on Column, P = 8.62x10+6.97x12.5 = 173.325 kips
Pc= 0.85x0.25x4x24x24 = 489.6 Kips

Here, P< Pc, So, Minimum Reinforcement will be apply. Assume, pg = 0.01
A" = 0.01x24x24 =5.76 in* Use 8 Nos #8.

Tie Rod:
Use #3 No bar,

Spacing, SI = 16x8/8 = 16", S2=48x3/8 = 18", S) = Least dimention of column = 24"
Hence, Use #3 No bar @ 16" clc.

Design of Column C2 :

Tolal Load acting on Column, PI = 17.24x10+6.97x25 346.65 kips, Py =
8.62x20+13.935x12.5 = 346.59 Kips, i.e, P = 346.65 Kips.

Pc-  0.85x0.25x4x24x24 = 489.6 kips

Here, P< Pc, So, Minimum Reinforcement will be apply. Assume, Pg= 0.01

A" = 0.01x24x24 =5.76 in% Use 8 Nos #8.

Tie Rod:

Usc #3 No bar,

Spacing, S| = 16x8/8 = 16", S2=48x3/8 = 18", S3= Least dimention of column = 24"
Hence, Use #3 No bar @ 16" c/c.

Design of Column C3 :

Tolal Load acting on Column, P = 17.24x20+ 13.935x25 = 693.175 kips
P,= 0.85x0.25x4x24x24 = 489.6 Kips

Here, P, = 693.175-489.6 = 203.575 Kips

A,.=(203.575/(0.85x24) =9.98 in? Use 12 Nos #8 & 2 Nos #5
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Tie Rod:

Use #3 No bar,

Spacing, S, = 16x8/8 = 16", S2= 48x3/8 = 18", S, = Least dimention of column = 24"
Hence, Use #3 No bar @ 16" clc.

Column CI Column C2 Column C3

24" 24"
4IE~____IIIII~ E

24 24" 24"

Figure 11-36: Cross Section of Column on I Floor.

Desigu of Column on G.E. Eloor:

For Longitudinal Interior (L1) Direction:

(i) FromBearn = 19.61 kilt
(ii) FromCol™=" «19.375x2x2x0.15x6)/(62x102»x20 = 0.22 kin
(iii) From Boundary Wall = «(19.375x2x320x0.15)/(62x102»x20 = 5.88 kilt
(iv) From Partition Wall = «(80+4x2x15)xl 9.375x0.42x0.12)/(62xl 02»)x20 = 0.62 kin

Total Load, w = (19.61+1.4x(0.22+5.88+0.62) = 29.02 KIft
For LE :w = 14.51 kin, For Tl : w =24.2+1.4x(0.276+7.353+0. 7725) = 35.96 Kin,
ForTE: w= 17.98 kift

Design of Column CI :
Total Load acting on Column, P = 17.98xI0+14.51x12.5 = 361.175 kips

Pc= 0.85x0.25x4x24x24 = 489.61,.ips
Here, P< Pc, So, Minimum Reinforcement will be apply. Assume, Pg=0.01
A.,=0.01x24x24 =5.76 in®> Use 8 Nos #8.
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Tie Rod :

Use #3 No bar,

Spacing, S, = 16x8/8 = 16", S2=48x3/8 = 18", S3= Least dimention of column = 24"
Hence, Use #3 No bar @ 16" c/c.

Design of Column C2 :

Total Load acting on Column, P; = 35.962Ix10+14.51x25 = 722371 Kkips, P2 =
17.98x20+29.02xI12.5 =722.35 Kips, i.e, P =722.371 Kips.

Pc= 0.85x0.25x4x24x24 = 489.6 kips

Here, P, =722.371-489.6 =232.75 Kips

A" = (232.75/(0.85x24) = 11.409 in? Use 14 Nos #8 & 2 Nos #5

Tie Rod:

Use #3 No bar,

Spacing, S, = 16x8/8 = 16", S2=48x3/8 = 18", S3= Least dimention of column = 24"
Hence, Use #3 No bar @ 16" c/c.

Design of Column C3:

Total Load acting on Column, P =35.9621x20+29.02x25 = 1444.742 Kips
Pc= 0.85x0.25x4x36x36 = 1101 kips

Here, P,= 1444.742-1101 = 343.142 Kips

A" = (343.1 42/(0. 85x24) = 16.82 in* Use 22 Nos #8

Column CI ColumnC2 ColumnC3
24" " "
e -- E 240 36"
1]
#3
24" 24" "
#3@16"c/c 36

Figure 11-37: Cross Section of Column on G.F. Floor.
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Tie Rod:
Use #3 No bar,

Spacing, S, = 16x8/8 = 16", S2= 48x3/8 = 18", S3= Least dimention of column = 36"
Hence, Use #3 No bar @ 16" c/c.

1. Weight of Slab:

2.

3.

Roof Slab: Dead Load . (5.5/12)x102x62x0.15 = 434. 78x1.4 = 608.7 Kip

Wt. ofL.C. . (4/12)x102x62x0.15 = 316.20x1.4 = 442.6 Kkip
Wt. of Plaster :(0.5/12)x102x62x0O. 1S = 39.025x1.4 = 55.36 kip
Live Load 30x102x62 = 189.72x1.7 = 322.5 kip
2" Floor:  Dead Load 1 (7.5/12)x102x62x0. 15 = 592.88xl 04= 830.0 kip

Wt.ofF.F. o (1/12)x102x62x0.15 = 79.05x1.4 = 110.67 kip

Wit. of Plaster :(0.5112)xl 02x62x0. 15 = 39.525x1.4 = 55.36 Kip

Live Load 100x102x62 = 632Ax1.7 = 1075. Ikip
IFioor: DeadLoad :(9.5/12)x102x62x0.15=750.98x1.4=1051.4kip

WI. ofF.F. : (1/12)x102x62x0.15 = 79.05x1A = 110.67 kip

Wt. of Plaster :(0.5/12)x102x62x0. 15 = 39.525x1.4 =55.36 kip

Live Load 100X102x62 = 632Ax1.7 = 1075.1Kip

Total wt. from Slab = 5792.8 kip

Weight of Beam :

Roof Beam :«12x18.51144)x(95x2+96.6x2+57.8x2+56.5x3)x0O. I5) xIA = 216.37 kip
2°! Floor  :«15x19.5/144)x(92x4+54x5)x0.15) xl.4 = 272. 15 kip
1%t Floor -« + + + x104= 336.87 Kip

Total wt. from Beam = 825.39 Kip
Weight of Column

2" Floor  :«4xIOXI0O+IOxI5x15+6x18x18)x14.542x0.15)1144) XIA = 97043 Kip
)t Floor  :«20x24x24x19.375x0.  15)/144) x1.4 = 32550 kip
G.F. Floor :«6x36x36+ 14x24x24)21.21x0.15)/144) x1.4 = 489.91 Kip

Total wt. from Column = 912.84 kip
Weight of Boundary Wall:

From all Floor: (21.21x2x300+ 19.375x2x300+5x0.83x312.17)x0O. 15xl.4 = 5386.9 k
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5. Weight ofPartitioD Wall;

Erom all Floor: (200x(21.21+19.38+9.5)+312, 17x9.5)x0.42x0. 12x1.4  =917.57 K

Grand Total = 13835.5 k
So, Vertical Invert reaction = (13835.5/(102x62» = 2.19 ksf

Horizontal Pressure at Long-term condition:

At elevation a, Pl = 132.98x 5.3125x1.3 = 0.9184 ksf
At elevation f, P2= 13298 x 25.4 x1.3 = 4.3903 ksf
At elevation le,p)= 132.98 x 48,5 xI.3 = 8.384 ksf

Moment Calculation:
For Wall ak & eo ;

M.= Me= (1/16)x«0.9184+4.3903)/2)x20.083> = 66.911 k-fi
Mo-r= Me-j= (1/14)x«0.9184+4.3903)/2)x20.0832 = 67.47 k-ft
Mn = Mjl = (1/16)x«0.9184+4.3903)/2)x20.083% = 66.911 k-t

M/"2= Mj2= (1/16)x«4.3903+8.384)/2)x23.1042 = 213.09 k-ft

M= Mj= (Mn+ Mn)2 = 140 k-ft

Mr-k= Mj-0= (1/14)x«4.3903+8.384)/2)x23.1042 = 243.53 Kk-ft

Mu = Mel = (I/16)x«4.3903+8.384)/2)x23.1042 = 213.09 k-ft = Mil = M| |

For G.F. : (along Longitudinal Direction)
Mie= Mo2"(1/16)x2.19x252 = 85.55 K-ft
Mk= Me= (213.09 + 85.55) = 298.64 k-ft
MI= Mn= (1/10)x2.19x252 = 136.88 k-ft
Mm= Mo2= (1/11)x2.19x252 = 124.432 k-ft
—1 = Mn-o= (1/14)x2.19x252 = 97.77 k-ft
MI_m=Mm-.= (I/16)x2.19x25* = 85.55 Kk-ft

For G.F. : (along Short Direction)
MI2= Mu = (1/16)x2.19x202 = 54.75 k-ft
MI= ML= (213.09 + 54.75) = 267.84 k-ft
MJ=Mw=  (1/10)x2.19x202 = 87.6 k-ft
MI-1= MicL = (1/14)x2.19x20% = 62.6 K-ft
M!_K=(1/16)x2.19x202 = 54.75 k-ft
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Shear Check:

0] For G.F. ;Y. = 1.05x2.19x(25/2) - 2.19x27/2 =26.55 kip

cpVc= 0.85x2x(4000),nx12x33 =42.58 kip>V, (0k)
(n Fo." Wall ak & eo :V, = 1.15xG.39x(23.1/2) - G.39x21/2 = 73.(,7 kip
cpVc=0.85x2x(4000)112X12x21 = 27.09 kip>V, (ok)

Spacing, S = (0.115x0.22x60x21)/(73.67-27.09) = 664.02/46.6 = 5.06"= 5"

§"™ = (031x2x60000/(50x12»  =62", S"™ =24", S'w, = (21/2)" = 10S'
Use #3 @(5 +10.5)/2 = 7.75" clc.

Depth Chefk :

d® = (2911.64x12)/(0.9x0.0214x12x60x(1..Q.59x0.0214x60/4))  =3111.81,

d = 17.9 inch.:: 21" (oK)

For Willi :

M. ~ 66.911 k.ft ; A, =0.7265 inch? Use #5 @ 5"elc.

Mer = 67.47 k-ft ; A, =0.8335 inch® Use #5 @4,25"c/c.

Mr= 140 k.ft; A, = (1.57.0.7265) = 0.8435 inch® Use #ll @ Il "clc.

Mr,| = 24353 k.ft; A, =(2.8643-0.8335) = 2.031 inch?® Usc #8 @4.5"clc,

MKl =298.64 k-ft ; A, ™ (3.62- 0.7265-0.8435) ™ 2.05 inch? Use #8 @4.5"dc. (for Wall)
For G.F.(Long nil-ect;on) :

MJ= 136.88 k.ft ; A, = 0.942 inch? Usc #8 @ 10"c/c.

Mm = 124.432 k-ft ; A, = 0.855 inch? Usc #8 @ Il “clc.

MILJ™ 97.77 kft ; A = 0.67 inch?® Us.: #5 @ 5.5"clc.

MJ.e,= 8555 k.ft; A, =0.584 inch? Usc #5 @6.25"clc.

M= 298,64 k-ft ; A, = (0,2.11-0.942) = 1.168 inch®> Use #ll @ 8"c/c.(for G.P.)
For G.F.(ShOI1 Direction) :

MI=267.84 K-ft; A ™ 1.883 inch’> Use #8 @j"e/c. ™ M,

M}=87.6 k-ft ; A, = 0.6 inch? Use #5 @ 6"e/c.~ M"

ML}= 62,6 k-ft ; A, = 0.43 inch® Use #5 @ 8.5"c/c. = MKk.'

M}." = 54.75 k-fL; A, ™ 0.372 inch? Usc #5 @ 10"e/c.

Minimum reinforcement for control Shrinkage & Temperature Crack:

For Wall : A=0.0018x12x21  =0.4536inch® Use #5 @ 16"c/c. (per 12" strip, both upper
& lower section)
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The AZ Sheet Pile Range:

Section

AZ13

AZ14

AZ17

AZ18

AZ19

AZ25

AZ26

AZ28

AZ34

AZ36

AZ38

AZ46

AZA4A8
AZ50

Width
(W)

In

26.38
26.38
24.80
24.80
24.80
24.80
24.80
24.80
24.80
24.80
24.80
22.83
22.83

22.83

Height
(h)

in

Flange

Thickness Thickness Sectional:

(if)

In

1170 ——

302.0
11.93
303.0
11.97
304.0
14.92
3790

14.96
380.0
15.00
381.0
1.1
4260

16.81
4270

16.85
428.0
18.07
459.0
18.11
460.0
18.15
461.0
18.94
481.0
18.98
482.0
19.02
4830

8.50
0.375
9.50
0.413

10.50
0.335
8.50
0.375
9.50
0.413
10.50
4
12.00
0.512
13.00
0.551
14.00
0.669
17.00
0.709
18.00
0.748
19.00
0.709
18.00
0.748
19.00
0.787
20.00

Web

(Iw)
In

8.50
0.375
9.50
0.413

10.50
0.335
8.50
0.375
9.50
0.413

10.50

11.20
0.480
12.20
0.520
13.20
0.512
13.00
0.551
14.00
0.591
15.00
0.551
14.00
0.591
15.00
0.630
16.00

11.55

Cross

Area
In?/ft

125.7
6.47
137
7.03
148.9
6.53
138.3
7.09
150
7.74
163.8
4
185
9.35
198
9.97
2111
11.03
2335
11.67
247
12.33
261
13.76
291.2
14.48
306.5
15.22
322.2

Weight

Pile
Ib/ft

66.10
48.38
72.00
52.62
78.30
45.96
68.40
49.99
74.40
54.43
81.00

91.50
65.72
97.80
70.15
104.40
77.61
115.50
82.11
122.20
86.75
129.10
89.10
13260
93.81
13960
98.58
146.70

Wall

Ib/W

98.70
21.92
107.00
23.94
116.90
22.24
108.60
24.17
11800
26.34
128.60

145.20
31.75
155.00
33.94
165.70
37.54
18330
39.73
194.00
41.97
204.90

46.82
22860

49.28
240.60
51.80
252.90

Section
Modulus

In®1ft

24.18
26.04
30.97
33.48
36.08
45.66
48.36
51.24
63.80
66.96
70.31
85.47
89.28

93.28

Moment
Inertia

In*1ft

144.26
155.98
231.26
250.45

270.80

406.50
431.62
576.32
606.34
637.69

808.83

847.05

886.52
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Technical Hotlinel-866-8Skyline

\\'eb
a1 Depth  Thirkncss -
Al D 1.
Dt'signalion i 3 I
2 02 11120 1"
W44”3<3;" 4362 0 1170 71_16
X ~6:1 -IHI 0i'10 #8
X 230 1201 0710 g
\"40 X 593" [14 42,99 mm )
X 503* I-IS 42.05 1 540 31
x.Bl 1r7 H26 1).10 11/16
x3i~ 10'1 -1063 1 1cU 9 16
,3'11 941 -10.0 1 (lou 12
97 87.-1 3981 0 w10 12
177 813 3969 0130 7116
X 19 i:d 39.38 0750 38
x 215 613 3898 0(,50 5116
x 19<J 58-1 JS 67 0650 5116
x li-l 511 3820 0650 5'16
\\' 40x 466" 137 U1 17 1}/16
x 39'1' 115 4157 u2 111\6
x 331 976 40.79 111 58
LS SIS o | 112 12
W1 dio 1000 0,1(0 12
135 689  39t) oIno 71
xutl 610 3937 0750 m
,18~ S~i 3898 0 h;0 5 1
"lu~  -191 3859 0 {50 I
\ 111 43¢ 3810 (1 (.30 P
W6, &-18' 2-t1 JIn5 2 520 "I
IS -1 a7 2510 1316
\. 650" 190 JoJ7 1'nu )
x 51, 154 ,9-~I I blu 1
L) 18 38 13(.0 [TE
DD 1n— Jiso 1 22U
"36<) 105 J5-O 1120 1 1h
,,318" 9I>-| ;70%) 1020 12
5300 883 3 i— 094$ 12
,, 180 81-1 J65~ 0885 7.16
xI((I 765 3626 08~0 7116
"3~ 721 3608 0 g00 7,16
52,0 (76 nmm 0760 (] ]

(1-866-875-9546)

Dislance

Flange f';ominal
Widlh Thid.;nl:s~ \\eifhl
per fool

b, 1 T k K,

Y 3 3 T i, Ilts
15950 170 387116 29/16 1 5il6
15 N0 1 580 387/16 23/8 1 1/4
15750 1420 387116 23/16 1)/16
15.750 1220 387{16 2 1 1/8
16690 3230 H 3116 47116 21/16
16.420 2,760 )~ )16 3 15116 | 15116
16220 2360 )43/16 39116 178
16,060 2050 34)11(, 3 14 14
15,910 170 )43/16 2 151\6 | 11116
15825 16~0 343116 3 1116 1 11116
15,830 1575 34311t> 2314 1 511
15750 1420 343/16 25/8 19116
15,750 Ino 343116 21i8 112
15750 1065 343/16 2 14 | 112
15750 0830 34J/16 2 1112
126~0 2,'1~0 H 3/16 1118 2
12360 2520 H Jle 3 11116 178
12 170 2 130 343116 35116 1 13il6
11970 1 810 )~ )16 | 11/16
11930 1 730 H3d6 215116 1 1116
1189C 15~5 J4 3-16 2314 1 58
11,810 1~15 341,16 258 1 16
[I 8111 |1 220 J~3-16 238 ! 1?
1l 81C 1025 343il6 23, 16 112
11 81C 0830 343 16 ) 112
1S 130 .1530 31110t 5 11,16 214
17 39(, 1200 311 5716 23 16
J7~75 35.10 311N 11116 2
1721C 2 )10 a1 41 16 131
GG~ 2.U0 3118 3'116 15§
It, S3C 221)u 3118 3516
1(,7~C 2 0ID 31 1H 318 1h 1
11>15]C 1 850 3118 J 112
11.>655 1680 3118 2 1316 112
11>595 1 570 3118 2 11116 | 112
16550 14.10 )1 29116 112
16 ~10 1 350 3118 212 | 7116
16470 1260 3L 238 1716

Compact  SCl:lion
Crilcria
bzl hi"
ksi
~5 38.1 L1}
50 44.7 LA
55 492 26
6.5 548 21
(1] 19,1
30 222
N 255
39 295
(1] 342 55
"y 368 -
0 m2 38
55 45,6 11
6.5 526 23
7.1 526 23
9; 526 23
21 205
25 24 1
n 2110
335
35 (,
~12
456
52(, 23
526
5~3
125
I;; 2
160
) 1>
231
2~S
28 1
30
333
356
375
i

ksi

I 10~

(Iksi)l

701
10.10
14''0
2010
2930
3730
5100
64"
81<)0

) 1100
27100
2~200
20800

50400
H700
34800
29600
125100
23:200
121900
19500
1G700
14900
12200

36300
129900
24700
20500
19400
17~00
15500
13300
11600
97110

67400
62600
48900
311300
31010
27500
2~S00
22500
20300
18900
17300
16100
15000

L:J

Etlslic Properties

IS5

16[
159
158
158
159

IS7
153

16J
164
160
158
15

15.t
153
152
151
I; 0
150
Uq

.J550
.1200
3230
2.140
I'NO
1750
I—-O
1.120
1300
1200
‘090
1010
"40

Axis Y-y

‘02
251)
208

1S0
138
132
"18

882
68.8

'60
130
106
87.1
82,6
74"
661
569
479
388
Sol
46-!
36""
289
235
2ug
m
171
"56
44
132
123
mr

=27
4°2)
-112
sl
395
3.90
387
3s.1
3.83
381
),78
3.75
3.73

PLIslir
AloJulus

i i’
1(,2i) 236
1420 206
1270 1113
1100 1;7
2760 481
2300 39.1
1950 327
1(,'0 277
1120 231
1330 215
12-0 204
11:0 182
%3 [56
8",S 137
715 [07
2050 262
FIO 212
wi! 172
119C 130
130 M
101C 11K
90< 105
Sl 89(,
612 76U
5"- 622
3550 7'
~~(, 743
:SJ~ ~80
2:-J  J5]
ISI:: 3¢,
iM"; 32~
-1y 32
1:8)  .2{0~
12ev  :111
170 223
1080 20
1010 190

QU

176
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TechmTaI }—?otl|nell-866-88kyllne (1'866'875'9!546) | | | | L..
Web Fl:Inge I Di~tance Iominal |—Compact__Section I | Blaslic  Properties Plastic
\re:l|  Depth L—Thirkncss witllh ___Thickness —\Weigh—— Criteria Alls X-X LaX\ a0 A —inthrr——
fti2 -
= er Tuul
A Q ! b, . T 9 C, P F™ X Xl x 10~ 1 S v T S Y % £
oot hit —_— _ - —
Designalion io” io io io io io io io io Ibs ksi ksi (Iksi)l m= 10 Uy m o y ok -
\jex~5§ 7).4| 3743 0'Im) I~ J2 218 1.730 32 1g 25 8 1;3b 2511 Jj 338 ' 2840 2870 111800 895 14° m 65 265 Q.10 13
x~} 68, 37.12 0,1170 7MH, 12 120 1570 32 18 2:12 . 232 3? 373 | 46 2580 4160 15000 80* 148 46* ril 262 t36 |l
x~o 614 3669 0830 7ilb 12,180 1,360 3211 25 16 e 200 " 391 | 42 2320 6560 13200 719 146 4an 75 .58 833 | 107
x1§~ 57.d 3649 0765 ):S 12.115 1260 3218 23 16 1316 m LA 424 36 2140 8850 12100 661 - 375 19 156 767 977
xid 534 36,33 0725 38 1207; 1.180 321S 218 13116 182 5.1 4" 32 2020 11300 11300 623 145 347 ib 255 71s 907
x1]C 50.d 3617 0680 H 12030 1.100 3218 2 13116 170. 55 47,8 18 1900.| 14500 10500 58" 145 320 32 253 66S 1838
xIfc 474 3601 0650 5/16 12.000 1020 3218 | 15/16 lis 160. 59 500 26 1780 18600 9750 542 14,4 29* n 250 624 |773
d4e U4 35115 0(,25 silr 11975 0,940 21 17,8 118 'S0 6" 520 | 24 680 24200 90-t0  50J 143 270 1 ~47 581 |70"
x5 394 3555 0.(,00 516  11.950 0790 218 1 11,16 s 135 76 541 | 22 1520 | 38000 700 '3 vew 225 77238 <" |597
W33~:5]  104p 3555 1,161 (1] 16.100 2090 2) 3.1 ~78 13li 35) 38 258 3540 1030 -19uU I1z30 145 1160 181 374  [420 28
dis]  9U J5.16 10.10 91, 15,985 1890 2)34 ~ 1 16 1510 m 11 299 3200 1530 19500 1110 144 1290 161 371 1270 |2™)
2911 85.4 3U4 0%0 " 15905 1.730 203 -| 2<)16 e 191 H Gl 2940 1130 17700 1010  '¥°¥ 1160 16 369 1150 | 2™)
1083 774 3453 0870 71, 15.805 1.570 293 4 238 13h' 263 50 3.15 | 54 2670 3100 15800 91, 10 1030 131 366  "Q.10 ] 2G~
x4L 70, 34.18 0.830 71> 15860 1..100 293 4 23 16 131b Nt " 361 | 49 2430 4590 1200 829 141 932 118 363 939 18~
x2| 1 65, 33.93 0775 )8 1580; 1275 293 ] 2 116 13,16 221 6.2 387 | 4 2240 mn 1~800 757 wr 840, |JO6 359 M I~
x201 59 33.68 0715 IS 157J5 1 150 2934 1 1,/16 lis 701 68 419 )6 2040 9390 11500  "81 ey 7089 bs2 356 M 17
\\"3h16 49. 33.82 0670 38 11 500 122.0 293 4 1 16 118 169 n 47 32 2160 8150 <1290  "49 137 310 539 250 629 18" -l
1§~ H7 33.49 0635 516 11.565 1055 29 4 17.8 118 152 55 " 29 19-10f 12900 8160 487 135 273 h72  2:17 559 |73 9
dji 41 33.3f} 0,605 511> rl535 0960 293 4 13-4 mr ul 60 496 16 1800 17800 7450 HS 134 246 27  ~43 514 |66"
,iC 38 3309 usliu 51( 11510 0.855 293 4 1 11'16 1111 130 67 517 | 1r 1660 2510U 6710 "n' 132 218 B79  ~39  J67 |595
JAs 347 32,11 0 55U 51t 11480 0.740 2)3.1 1 lilt> 18 " 545 22 1510 37700 5J00 359 13(1 187 (O] ~32 415 |513
W\ 30074 140f0 3421 1(,.0 J3 11 151\(>5 2950 2(3.1 God 19 It, i ~7 160 5420 193. 26100 1530 13- 1970 k.o 375 1790
\391 114 BI9 13(,0 Il lu 155'10 2440 263..1 314 17 1(, 391 (1] 19* 4510 386 ~0700 1250 135 1550 108 j(11  1~30
\3:41' 95 32..1 IHO <l 15370 2050 263..1 ~1316 151t 326 )7 2j7 31160 735 H:guO 10,0 132 1240 16~ 361 1190
\1"y 85, 3201 JO~0 t: 1525; 1.850 263 .1 -5 r 291 n 165 3--160 1110 H91)0 <128  13u 1100 1~J 58 060
w767 3161 0Q.:0 t 15 U5 1650 ~6:4 1716 131, 261 [ L] Qo 3110 1690 13100 8°- 131 <5<l |17 H4 m
15 63 3130 o I\30 71, 1505; 1500 ~(; -l ~14 1S 135 50 315 61 2820 2410 11700 76 1" 85 1~ ;52 m
-l (2 300.\ 0 ii5 38 15 10; 1315 2e; 4 211l 1S 211 57 319 | 53 2510 395-0 3o ne- 129 757 10) 9 749
\1k;1 561 306t 0710 1] 150J0 1185 26 ~ 11 16 e 191 63 3110 | "' 1280 5840 h170 538 12s 67, Bos ;.16 673
\ 1 504 304J 0 b55 510 u'185 106~ 2033 178 lilt 173 70 e | 38 2070 K5-40 o 9, L 51S  flg 3.13 0
w-o\ IH~ I35 30 (0 o (;5-U 5 1U41\U | 18U 1(0." .1 3 1 141 1] s | N 1310 (>18(1 (ol 1L 1-4 217 ~3  :28 5o ~ @
\1f;: 38 3031 0(.15 511 1U54; 1000 3 1.1 lilt, m s 01| 8 050 1050U 70 S0 -:o1¢ |-z =25 L7 5
~1~ 36. 30.17] 0585 51to 10515 0930 ~to.::4 i 1 124 5, Lt | 30 1930 135-00 ‘~toU 355 11 1St 3~4  ~2; o8 |51Q)
~the 347 3001 0565 516 10495 0850 263 J 1T 1 116 62 488 IS 1800 17700 .1<,130 329 120 61 P13 119 8 492
xI‘ES 31. 2983 05-15 51" 10475 0760 263 4 11 16 1 108 69 " 26 1680 24200 H70 299 119 146 79 215 346 | 439
9 29 2965 0520 L1 ] 10450 0670 263.4 17016 1 99 78 5" " 1560 | 34100 J99o  2¢ 1.7 128 |5 210. ;12 |38
16 : a0 85 575 19 1430 47000 3620 145 117 15 221 209 283 |>

.90 "6, 2953 0470 LA 10200 0610 63+t
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Technical Hotline1-866-8Skyline (1-866-875-9546) "y
Web Flange Disl3nce Sominal  Compact  S(ction [laslic  Prop «lies Plaslic
Area  Dtplh  Thickness . widlh  ThiCkness \'~ighl Crituil A-iis y. \' Atorlulus
412
D 1 . T K K, Jer fool B X, X1 110~ S S
. bll'y hit,.
Dcsignalion in! m " i in i i in b, ksi ksi (Ilksi)2 m’ m’ i m’ m in' in'
\\ 27X 539 158 n.S:! ) 15.255 3540 n 4 1/4 158 539 2.2 12.3 7160 66 25500 15-0 127 2110 217 3.66 1880 437
. 418 *31 3142 13116 14.940 2.990 24 3 11116 12 48 25 147 6070 123 20400 1300 125 1670 224 3.57 1530 351
i 368' 108 )039 nfle 1.t665 2480 " 33/16 1516 368 3D 17,6 - 5100 243 16100 [oso 122 1310 li9 3.48 1240 279
i )07'  90.2 29.61 sig 14.445 2090 " 2 1116 1 14 307 35 20,9 4320 "63 13100 881 120 1050 146 3.42 1020 227
X 258 757 2898 112 14.270 1770 1] 2112 1 liE 258 U 247 3670 &73 10800 732 119 85" 120 3,37 850 187
X 235  69.1 2866 12 14.190 1610 " 25/16 | 235 44 266 3360 1230 9660 (1] 118 768 108 3.33 769 168
X 21, 638 2sU 7116 14.118 1.500 1] 23/16 1116 217 £7 29.2 - J 120 [(:40 8870 62--1 118 7)1 99.8 3,32 ,(18 154
)\ 191 57.0 28 11 3/8 140JS 1 340 1] 21/16 1 19" 5232361 2800 2520 78:20 556 117 618 88.1 3.29 628 136
" lis 523 27.81 )/8 14085 1 190 24 1711 1116 "78 59 334 57 2550 3740 699<) 50~ '16 S55 78.8 3.26 567 122
X 161 474 27.59 3i8 14020 1080 " | 13/16 ] "61 65 367 47 2320 5370 6280 455 115 "97 70,9 3.24 512 109
X 1-16 429 17.38 5/16 13,965 0975 1] 111116 ] mi 7 40,0 .10 2110 7900 5630 <Il i "43 63.5 3.21 41)1 975
W '27" 119 37.8 27,) 5/16 10.010 L Joo LA 113/16 1516 129 LA ] 397 41 2390 5340 -1760 31, 12 IS-I 36,8 2.21 375 576
x Il 335 27.29 5/16 10,070 0,930 " 1Sis 15 1(0 m 54 425 35 2100 9220 4090 29~ 11,0 159 315 218 343 493
X 102 300  27v1 " 10,015 0830 " 1916 15/16 102 60 47,0 29 1890 14000 3620 167 10 139 278 :Us 305 434
x 9.\ 27.7 2692 ! 9.990 0745 " 17116 1516 94 67 494 26 1740 19900 3270 23 109 124 248 2.12 278 )88
X B1 218 2671 ) 9.960 0,640 " JIs 1516 84 IS 527 D 1570 31100 2850 213 107 106 212 207 .U 332
\2-1x-192" 114 1965 ! 14115 3540 n 45il6 1916 492 20 10" 7950 43 19100 12N 115 1670 237 3.41 1550 J75
1( 408’ 119 285-1 13116 13,800 2')<)0 1] nia 138 "08 23 131 6780 79 15100 1060 13 1320 191 3.33 1250 300
X 335' 984 2752 11116 13.520 2480 2i J 14 114 335 nn 156 5700 15' 11900 86-1 110 1030 152 3-23 1010 238
\.279' 820 2(173 5,8 [3.305 2090 " 2H 1 18 279 32 18' --1840 297 9600 718 108 823 124 317 835 193
x250° 73~ %)l 9116 1~ 1S5 1 890 n 2 11fl6 118 250 35 20.7 4370 436 1P90 (4-1 107 72-1 110 3.1 i 1
Xx2~9 67.2 '2602 '12 D,lIIO 17~0 n 212 1 229 3S 225 4020 605 7650 58S 107 fl51 99,1 3.11 6i6 5.1
\20-;  (,07 2571 7116 13 010 I 570 111 238 J 207 L1 ] 248 3650 876 . 6820 51 106 5711 888 3.08 606 137
X 1Q2 563 25.\7 7116 129:50 1 460 111 2 lof 1 192 L 1] 266 3410 1150 6260 Ao 105 530 81.8 3,07 559 126
xI76 517 152-1 38 12 S'10 1>40 2i 218 15 16 176 1] 287 3140 1590 5680 4~0 DS 477 713 30-1 m 115
\.[(.:~.P? 2500 38 [2955 1220 n 11 16 162 53 306 1870 2260 5170 Ji- 10-1 I3 684 3.05 "8 105
([ 4) o0 H7-1 5/16 12900 1 090 n 178 1116 m 332 58 150 3-120 4580 )-1 103 391 605 .301 s 931
'1.1:1 385 H-IS 5116 12855 0960 n 134 [T 13 67 356 50 23~0 5290 4020 )2~ 102 340 53.0 297 3i0 815
Ny Ut 2126 5116 121%00 0850 1] In: ] 117 392 n 2090 81 3540 291 101 297 465 29-1 327 71"
,10-1 306 240( m 12750 0750 n (11 I 104 431 Wv 1860 12900 3100 2~s 101 151 407 291 289 611
W'H\IO:: 303 2153 SI6 9000 0150 n In 13 16 103 1] )92: 1 1400 5280 3000 135 'l % 119 265 1,99 180
Q- 177 1331 14 9065 0875 " 158 1 m i t19 37 2180 7800 2700 ~~ %87 101 20 198 254
X B-1 2-17 21 1) 14 9020 0770 n 1910 15 16 84 [} m U 1<;50 12200 2370 19t. 979 'In 209 195 224
X it> 221 2392 'l' 8990 0680 n 17,16 15 16 76 66 0 27 1760 18600 2100 16 969 825 IS-1 192 00 8¢,
x68 20 | 2373 114 8965 058) 1] 1).8 1516 68 7 520 24 1590 29000 1InO 15-1 955 70--1 15.7 1.87 177 81"
W2.h62 182 2 71 0-130 1/, 7010 059<) 2i 13,8 15/16 61 60 S0, 25 1700 25100 1550 131 9.23 3H 9.80 us8 153 157
ds 162 nS7 ow 3/16 700" 0505 n 15/16 15'16 55 L] T 15-10 39600 J350 114 911 291 830 13-1 13 113
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W'NW.skylinesteel.com
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Web Hinge
Area  Depth  Thickness ot Widlh Thidness
A D ' b, W T
Designation in! "

~~ (w92 230 0.910 1/2 12,575 1630 18 114
x IS~ 536 2112 0.830 7116 12.500 1480 IS Y4
I(166 1 22.18 0,750 3/8 12.420 1,360 IS [/4,
(147 1322 22.06 0.720 " 12,510 U50 IS 114
x1)2 m 218 0.650 5116 12440 1055 18 [/4
w122 ~S9 21.68 0600 5/16 12.390 0.960 18 1/4
x o 321 2151 0,550 5/16 12340 0875 18 11-1
x 101 29,S 21 3G 0,500 m 12290 0800 18 [/4
\21)(93 273 21u~ 0,580 5116 8,420 0930 18 [/4
'C8~1 2..1) 21.13 0,515 1/4 8)55 0835 18 11
x73 215 212.1 0,455 1/4 8.295 0 70l0 18 U1
,,68 200 U3 0.430 m 8.270 0685 18 141
,62 183 209 0.400 3116 8 240 0615 18 11
W21 lis; 16,7 210( 0,,105 3/16 6.555 0.650 18 1/4
,50  1I_U 1083 0.380 ) 16 6.530 0535 18 [f
XW 130 20 ({, 0350 316 6500 0450 18 141
\W18x3I11' 915 2232 1520 )14 12005 2i40 1S 11
xllU. 832 218; 1400 11/16 11 890 2500 15 [11
x25S" 759 211> 1280 58 11770 2300 IS 11
,nol'  6SIl - 2106 1 160 58 11 650 2 110 IS 111
x211" 621 2067 1,060 916 11555 1910 IS 112
X 192 56~ 2035 0960 1:2 11 455 1750 15 112
x17~ 513 0 O~ 0890 716 11375 1 590 15 112
\ISH .lid 0810 6 11.,00 I HO 15 1:2
x .G .CI 0730 ;8 11220 1320 IS [2
)(DO  Js2 0670 '8 11 16U 1 200 1S 122
WJ8.xm 351 1S'l. o(;5 S'H. Il 265 106<! 15 12
i 10 J 1l 18'7~ 0590 5 16 11 20C 0940 1512
)97 2lis 1S 59 0535 51t 11 145 08:-0 15 12
)80 253 1S 31 0 4110 L1 ] 110'10 a0 15 1,2
X76 213 1821 0425 1/4 1r035 0680 15 112
WIS, 7] 208 1S ol7 0195 114 7635 0810 15 112
x65 191 ISH 0.450 m 7.590 0750 15 112
x60 176 182~ 0415 114 7,555 06'H 15 112
ds 16:2 181l 0J90 )16 7 530 0630 15 1,2
xS0 17 li 99 00355 )'16 7 0l95 0;.0 15 12

wis,.I1 135 0360 16 6060 15 1

x 3l 10—~ 0315 16 (0015 15 |

d~ 10- 0300 16 600<J 15

Dislance

13-l
158
19 16
17.16
138

112
17116
13/8
15116
1111

(B2}
13 16
"

1316
D 16

IS [6
15'6
718
iIB
nl6é

718
78
1J116
1316
116

DI16
13 1(0
34

\ominal
Weight
per fool

Ib,

201
182
166
m
131
m
i
101

93
1
7
68
61

[}
50
(1]

311
283
258
2H
21
192
m
158
lol3
130

m
10U
93
[ 1]
76

B
0
60

n
50

[ 1]
m
35

Comp:ll:l Section

Criteria

, B

heoo

o | ksi

39 206 .
42 226
46 24.9
5.4 26 1
60 289
65 313

7+ 341 55
77 375 45

45 323 61
50 364 48
56 412 38
6.0 43.6 301
67 -169 29

50 -16.3 30
61 494 26
i.2 536 22

n 106
[} 1S
26 125
18 138
30 151
33 167
36 180
39 19"
42 219
46 239
215
272
300

72 334 |
(] ] 378

[ A ] 324 61
5" H.7 50
n 387 4)

60 41 2 LA
66 452 31

L] "6 L
1] 510 (4]
(1] ~35

ksi

X; 210~

(Iksi)l
453
61"
904

1210

1880
2580
4060
6520

3310
45010
60S0
85.10
12-100

10100
1720C
j0)0C

5310
4730
4280
3630
3220
2960
2670
2-120

2070
1S30
1600
lUuo
1330

1170
1070
9uU

890
300

i12
(012
;10

192
m
151
mni
127

111
945
816

624

5)-t
J66
J9

3olol
310

~56

231
~O-1
1SS
166
P6

127

117

108
983
S39

"'Sti
M14
576

El:.slic Propcrlics

9,47
9.40
9.36
9.17
9.12
9.09
9.05
9.02

8.70
8.67
8.64
8.60
8.54

8.36
8.18
S.06

8.72
8.61
853
8.44
B.35
8.28
8.20
B.12
8.09
8.03

7.90
7,50l
7.82
777
773

7.50
7.49
7.47
141
7.38

725
721
70

L:.J

54"
483
435
376
333
305
274
24"

919
814

70,6
617
57,5

306
1-19
20.7

VIS
704
628

0193
140
391
47
311

58

53
120
201
175
152

603
5
4,
401
225

'91
153

\xis )"y

5

in’

‘6 1
772
70.1
601
535

-191
-uS

- 3

-u;
39 ol
36 1
316
276

'58
mr
133
119
107

- 43
(035
5 12

3.02
3.00
2.98
2.95
2.93
2.92
290
2.89

184
1.83
181
1.80
177

1.35
130
126

295

288
185
1282
2.9
1~6
2,0l

1169
1'1:>6
1165
263
Hi

170
169
) 69
167
165

129

122

Plaslic
"lodulus
Z. Z1
in” in
5::0 133
ré 119
-132 10S

o 92
823
30, 751
-9 681
;53 61"
51 3-1-
1~ti 305
1.: 261"
1~ 2003
Jtol 21
I:~ LU
1o 12:
Gl 10 :
|
m
;1'l 69:
0 60:"
;11 55;
IS -I1S~
Ir;.; -
13; 2~":
m 225
113 206
112 1S5
101 16~
Co) 7 1[-
=S ol 9 <"
00~ &
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\hb Flange
i i Thickness
Area  Depth  ThickntS5 L Witllh
A D 1. h, 1, T
n n
_— ) . 0 : :
Designation in! n i .
) ; J3 Sill
WI16xI00 29A 16.97 058! 1116 10,.n; 0.985 s 5I18
16.75 o.m 10,365 0.875
2 igi 16.52 045! " 1029; 0760 13518
i é; 1§ 7 16:33 0395 Jie 1023; 0665 135'8
' 0115 13 5ig
NS 18 A4 e Sh B
e igig 3i16 7.00; 0565 1358
) 350 ﬁJe 1601 316 6.99; 05(15 135/8
Y36 106 1586 316 6.985 0.4)0 1 sil
! 18 5525 0 owr 135S
" 16:1><. gé 3%}2 15522 18 5.500 0,3-15 135/8
178 18560 5120 -1
Y e 222|8;\1 19 16 17.890 4,910 Il 114
X7636(s)é" 11956 21.CH 17 16 17,650 4520 "
Yeose 178 2002 1,16 17.415 4,160 1114
X550' 162 202.\ lj 16 17200 3820 11
X : \ 19 éo "18 17010 151)0 I 4
); 5\350 13 \7 19'02 ] 16835 3210 I 14
426" 15 16 16695 3035 1114
v 15%% 1|25 igg; 7 S 16590 2845 I 14
;((37(3' 1Ié)g 17,92 13 16 16.\7; 2660 I 11,4
Hz" 10] 17;5,\ 1, 16 16360 2-170 111:,_-1
; 191\ 17.12 n 16230 2260 llll.J
P SN 164 11 16 16110 2070 1111
x257" 75.6 1638 58 1; 99; 18>0 11 1‘4
1233 685 160J ot 15890 1710 114
‘o1 620 152 n 15800 1580 i,
'\‘ \\)3 56‘8 15.’.’\8 ;16 15710 14™:0 1111
x170 518  \522 ;16 156;0 1310 iii:i
\ 15¢) \67 1.9 9 I; 565 1190 :
VL5 e IS H I; 500 1090 111
. 14715 1030 1111
U KG& 14670 09-10 Il 14
Vi e U 1460; os6l) I 14
x-(lgs )229'01 1.U6 1456; 0.780 Il 4
x00 265 102 14510 0.710 o1
L1 ] 10 130 08;5 li
Wlh527 \ gié 1,?7 " 10070 0755 L
.68 200 0.1 " 10035 0120 i

61 17.9 1389 i'l(o '19):- 06H 1i

Distance

1 1\116
191>
17116
11s

118
1516
114
13i1f-
IS

1~
TIVG

513 1(,
59 11>
5316
4 13 16
412
43 1,
37&

3>
312
3; it
m

210 1>
23
29 1t
23~
21 -l
21~

17~
13-1

101,
158

19 16
171b
11s

!ll
1816
12
17 b

15/16
m
7

13/16

m
nil 6
11116
13116
3

3/4
Jia

2102
2311(.
2 116
1 15116
1 13116

13/-1

1,'&

19:16
112
17,16
131&
1;,16
111
1316
1316
1\8
| 116
1116

;-';~rninal
Weight
IH"r foul

b,

100
n
7
67

57
50
n
40
36

Jl

)

730
665
605
550
500

-1.26
39"
370
3-12
311
283
257
233
211
I'H
176

1%
132
1.20
1t)")
99
9<1

n
11
6'
61

Compact  Seclion
Cril('n;i
[
b/It, htr,
ksi
5.3 14]
59 Lo
6. 312
77 359 50
SO no 59
56 3;4 -16
62 412 38
6.9 4b v 10
8.1 451 28
6.3 511 %
'0 565 20
"
"y
2.0
2!
23
(B ]
26
[ B
29
1
13
3"
39
U
(R [
51 116
55 I s
6.0 1~ 7
65 E1
70 m
71 1-"
71l 110
8.5 117
9.3 13
102 259
59 2.24
64 .25]
70 275
77 3(1-1

Xl

ksi
3-150
30<)0
1(,80
~35(1

.2650
2340
.2120
11'190
1700

Xl '( 10~

(I/ksi)Z

1040
16)0
2790
4690

3400
5530
82&0
12900
20&00

20000
409000

145

1.90
2,50
J.20
4,10

5.50
730

8.90
110
13,9
J7.9
2H
nA
46.1
(,,19
91.8
11
17J
o
J48

428
(0
85]
1220
1750

n
119<1

1650
2~(1)

Alis X-X
S
in~ i}
1490 175
1300 155
1110 134
954 117
n 921
65§ 810
586 72.7
m 647
565
.

375 47.2
301 3&4
16000 1400
14300  U80
12400 1150
10800 1040
9430 931
8210 83&
7190 756
6600 707
6000 656
5440 607
-1900 559

4330 506
3840 459
3400 -115
3010 375
2660 338
2400 310
2140 2s1
1900  25-1
1710 2~2
1530 201
1380 190
1240 173
1110 157
999 143
8n 123
796 112
723 100
640 122

[lastic Proptrtirs

710
705
7,00
696

672
668
665
663
6S1

641
6.26

821
8 17
798
750
763
7-18
73]

716

605
604
601

5°1

121
107

35.7
JI.4
26.9
232

121
10.5
9.34
8,15
7.00

594
527

423
378
3J9
I

28]
262
241

121
199
179
161
145
130
1)

107
% 2
S7J

7-15
b75
buU
55.1
49,9

.29.3
166
HZ
215

ki

-

251
2.49
2,47
246

1.60
1.59
157
1,57
1,62

117
112

-1.82
4,69
462
455
449
4A
n&

Plastic
~lodulus
118 54,9
175 481
150 411
130 355
105 189

910 163

823 18

729 127

6-U 10&
703
5-18

1834 92§,

1(.60

1480 730

1320 652

1180 583

1050 ~22

936 461

S69

.01

736

672

60J

42

-187

36

390

355

320

187

20

234 113

212 10:

192, 9= -

17J 836

157 756

139 1y

1.26 4116

115 36

102 3zs
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Web Flange Dislance Kominal  CompaCl  Seclion [1:Islie Properties Plastic
Ara  Depth  ThicklIC'ss Width  Thickness Weight Criteria Axis Y-y Mudulus
b 5 b, 1 T " per fuul Fo Xt Xix 10, s s s 2. Z~
bizt, . _
Designation . " " ksi ki (Iksi)l in~ in’ in~ i " in'  in
W 1~x53 15.6 13.92 0.3i0 3/16 8.060 0660 n 17116 15/16 6.1 30.8 2830 2250 541 7738 57.7 143 1,92 87.1 220
,48 1U 13.79 03.10 3/16 8.030 0.595 1] 13ig 718 6.7 335 57 2580 3220 "5 70J 514 128 191 784 19.6
x 43 12,6 13,66 030; 3f16 7.995 0530 n 15116 718 75 37,4 46 2320 4900 428 62,7 452 113 1,89 69.6 17.3
W 14x38 11.2 14 10 oito 3116 6.770 0,515 " 1 1116 18 J8 66 396 41 2190 6850 385 546 587 267 7.88 1,55 61-5 121
x 34 10.0 13.98 0285 3116 6.745 0455 " | 18 1] 74 431 3B 1970 10600 340 486 58) 233 691 1,53 546 106
130 885 1384 0.270 m 6,730 03S5 1] 15116 18 30 87 -IH 31 1750 17600 7" 420 5.73 19.6 582 1,49 473 899
W 14:0;26 7.69 1391 5.025 0420 1] 15116 9116 26 6.0 481 28 1890 13900 245 353 565 891 351 108 40,2 554
X 22 649 J),74 5.000 0JJ5 1] m 9/16 22 7.5 53; 22 1610 27300 199 :190 554 7.00 2.80 1,04 332 439
W 12x336" 988 1682 718 13385 2955 911 3 11116 | 112 336 2) 55 12800 60’ 4060 -183 m 1190 177 3.47 60) 2i-1
x)05. 896 16 J1 13116 13.235 :n05 912 371196 | 7116 305 LA ] 60 11800 =17 3550 -135 629 1050 159 3,42 537 24-1
X 279. 819 1;,85 " 13.PO H70 912 33116 13i8 279 L] 6.3 11000 108 3110 393 6.16 937 143 3.38 481 220
X2S2. 741 1H1 11116 13.005 2,250 912 2 15116 15116 252 29 70 10100 147 2720 353 606 828 127 3.34 428 196
(230. 677 1505 11116 12.895 2,070 9112 2314 | 114 230 3.1 7.6 9390 19.1 2420 )N 5.97 742 115 3.31 386 r;i
X 210. 618 Inl 1] 12.790 1900 91'1 25iS 114 210 L 1] 8.2 8670 266 2140 292 589 664 104 3.28 348 159
x 190 55.8 1438 9/16 12.670 1.735 912 27116 13116 190 37 e 79-10 37.0 1890 263 58:! 589 930 325 311 113
x 170 500 1103 112 12,570 1560 <112 2 114 1118 170 (1} 10\ 7190 "0 1650 235 "74 517 823 322 275 126
x 152 U7 1371 7116 12.480 1.400 912 2 1i8 1 1/16 152 i 6510 79.3 1430 209 866 45-1 728 )19 2.U 1
X 136 39.9 13 -1t 7116 12.400 1250 <112 | 15116 1 136 rb 123 5850 119 1240 1S" 558 3J8 64.2 3.16 21-1 950
x 120 353 DI2 318 12.320 1105 9 12 1 1316 ! ;20 "6 137 52-10 m 1070 1(3 551 345 560 313 186 851
x 106 JI.2 1289 s, 12.220 0,990 912 1 nile 15116 ‘06 1] 159 4660 285 933 15 Wil 301 493 3,1 16-1 751
X 96 211! 1171 5'16 12.100 0900 orl 13 78 96 68 177 4250 40' 833 131 H' 270 4141 309 147 6,5
x87 2i6 1253 li~ 12125 0810 1] 112 78 87 e 189 3880 *SG 740 18 538 241 397 307 132 60Ol
X 79 232 1238 Iq 12.080 0735 L7 1 7il6 78 79 n 207 3530 839 ' 662 107 53-1 216 358 )05 119 54:
xi2 211 1225 " 12040 0670 9n 1311 78 7 9 226 3230 1180 sy Q' sl 15 324 )01 108 -l
165 191 12 12 3/1(. 1::000 0605 911 15 16 1316 65 99 H9 29-10 1720 533 79 5:18 17-1 29 | 302 96.8 131
W12x5t1 170 12 19 316 10010 06-10 911 138 13-16 1] 78 270 3070 1-170 1] 780 5:18 107 21 -l 2,51 864 3~
\53 156 1206 316 < 995 0575 al» | 14 13/16 53 87 81 2820 2100 425 701 523 958 192 2-18 779 91
\"12:0:50 147 12 19 3/16 S 080 OMO 917 138 13 16 '0 nr 262 3170 1-110 39~ 61 518 563 13q 1,9 777
X45 12 1206 316 §$0-15 0575 911 n 13,16 1 70 290 2870 20i0 350 58 1 515 500 12 -1 1.9-1 1
x40 'l g Il 94 5 16 S 005 0515 912 ! I ' 31 [ 1] 78 319 59 2580 3110 ~10 519 513 441 1o 193 575
W 12:0:35 103 1250 o Jell 316 6560 0520 LT 1 'Jf J5 ;61 -19 2420 43-10 m ~51.> e 215 i-17 1.54 i 1n:
do 879 1234 02~ 18 6520 04-10 1012 15116 " 0 -118 37 20<)0 7950 238 381 m 203 62-1 152 131 Q56
1t26 '.65 1222 OobD lig 6490 0.380 10 P2 7, 12 26 [I72 29 1820 13900 20’ 3H 517 173 53-1 151 )72 817
W 12~2 6.48 1231 0260 18 4.030 0.425 1012 7,' 2 22 47 418 37 2160 86"0 156 151 491 466 231 08-17 293 3,6
119 557 12 16 0235 lis 4005 0350 1012 13116 12 19 "7 -16:> 30 1880 '5600 130 213 412 ).76 1.88 0.822 247 298
w16 \71 119 0220 -8 39w 0265 10 12 14 112 16 n -194 26 1610 32000 103 171 467 282 141 0773 201 226
n 88 513 22 1150 49300 886 149 462 236 119 0753 e \90

x P .\16 1] 0200 19 3970 0225 101> 11,16 12
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Designation
W 10:c 112
» 10(
,88
T
1

-4
Jag

\VIOX-5
do
33

WIOd
X 26
1(22

WIOxI
x li
X IS
X~

W8:c6.
x 58
x ~8
X.«i
x 35
¢ 31

\VS,28
¢ 24

\\'8,21
X 18

W8\ 15
’(13
xJO

W6x2
xIO
X 15

W6
L

s,
(It

Ana

329
29,1
259
226
200
176
15.8
18}

Lo.
115
9.71

88-1
7.61
649

S6~

J74

355
208

554
J b~

Dcpth
n
;0
1l 36
ILIO
1084
1060
10<10
1022

10,09
9.98

10 to
9.92
973

1047
10,33
10.17

10.2:4
10.11
999
987

900
S75
1150
1125
8 12
S00

"06

6JS
6,10
5.99

(28
(,03
@ 90

515
01

11(

Web

Thickness

0.755
0680
0605
0.530
0.470
0420
0J70
0.340

0350
0,315
02<)0

01Joo
0260
0,240

0.2.50
0 NO
0230
0190

0570
0510
0400
0)(,0
QJ 10
02115

0285
024;

0250
u2;0

02-1~
02-0
0 170

0320
0260
0230

020
02:sU
0 170

0210
0210

1,2

3"
318
5/16
114

3116
3116

3116
3116
3/16

3/16
n

118
1

18
18

5/16

3/16
3/16
3116
3/16

3/16

lg
18

lis
18
18

3/16
118
118

li8
18

I’
(R
18

(1-866-875-9546)

Fbnge
Width Thickness
h, I
0 0
1041; 1.250
10340 1,120
10,26; 0990
10.190 0870
10,130 0770
10.080 0,650
10030 0(.15
10.000 0560
8020 0,620
7,955 05.0
7960 0435
5810 0510
5770 ouO
5150 0360
4,020 0))5
-1010 0,330
, 000 0270
3.960 0210
8280 0):5
8 No 0810
8 110 0685
5070 05(,0
8020 0.19;
7.995 04~5

6535

64'J5

5210 0 .t00
5250 (3~:0
-101; 0 ~15
40U0 02-5
3940 0 2us
6080 0455
6020 0365
59<J0 0260
4030 0405
, 000 02110
3940 0215

il
SIS
15i8
7Sis
7518
75/8
7518
788
78IS

75i8
78IS
75/S

11 518
11'5/S
8518

85/8
85/S
85/S
8518

L
(Lo
(g
(1.8
(111
(118

w n

47
414
414

Dislan.ce

178
134
1 sis
112
138
15/16
114
13116

114
li 18
1116

1511 ¢

13fl6
314

13116
5i8

11.16
1516
13.16
1 116

15/16

15fl6
78

13116
L1
u g
L]
13/16

3/4

34
58
916

DII{>

15116
7:8
13/16
13/16
314
314
11116
11/16

116
11136
11116

112

7116
1/16
3.

7:16
38
>8

7 16
ral

“-I'ominal

Weight
per rool

Ib,
112
100
"
7
68
60

<
-9
3

30
1]

n

19
17
L-
11

28
"

11
IS

25
20

16
1
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APPENDIX

Estimation  of cost for different cut and cover tunneling methods:

(01) Bill of quantities and estimated

retention method using by Sheet Pile:

(@) For 77 ft upper Clay layer depth:

cost for total

route (20 km) of earth

2L Shi FotarCost—

No. Description of Items Unit Rate Quantity (el Tl

I | Layout and marking Sgm 7. 182927 1.28
Supplying, fabrication & fixing of '

Z | Sneet PIle Quintal | 7359 661826 4870.38
Supplying, fabrication & fixing of

S—ryvates Quintal | 7359 8927 65.7
Supplying, fabrication & fixing of Tie

& ROU Quintal | 5400 9002 48.6
Drilling & Concrete Works for

) Tretacks Cum 7668 42 0.32

Total Cost for 77 Tt Upper_Clay fayer deptn 4986 28

Cost per kilometer =249.31 million Tk

(02)

Bill of quantities and estimated cost for total

retention method using by Braced-Cut:

(&) For 20 ft upper Clay layer depth:

route (20 km) of earth

Cost per kilometer =373.03 million Tk.

1111

Sl it Total cost |
No. Description of Items Unit Ralc | Quantity | (mill Tl
[ Layout and marking Sgm 7 182927 1.28
Supplying, fabrication & fixing of '
2 Sheet F_’lles o N Quintal 7359 661653 4869.10
Supplying, fabrication & fixing of
3 Wales Quintal 7359 213610 1571.96
Supplying, fabrication & fixing of
& Struts Quintal 7359 138362 1018.20
Total Cost for 20 ft upper Clay layer depth 7460.55



(b) For 77 It upper Clay layer depth:

Sl. Unit Total—Cost
No. Description _of Items Unit | Rate | Quantity (mill_Tk)
I | Layout and marking Sgm 7 182927 1.28

Supplying, fabrication & fixing of
Z Sheet Pile Quintal | 7359 | 661653 4869.10
Supplying, fabrication & fixing of
3 | wales Quintal | 7359 | 206469 1519.40
Supplying, fabrication & fixing of
4 Struts Quintal 7359 128543 945.95
Total Cost for 77 fl upper Clay layer depth 7335.74
Cost per kilometer =366.79 million Tk.
(e) For 65 fi upper Clay layer depth:
SI. Unit Fotal—Cost
No. Description ofltems Unit | Rate | Quantity | (mill. Tk.)
1 Layout and marking Sgm 7 182927 1.28
| Supplying, tabrication & fixing of | |
2 | Sheet Pile Quintal | 7359 | 661653 | 4869.10
Supplying, tabrication & fixing of
3 Wales Quintal | 7359 [ 188024 1383.67
Supplying, fabrication & fixing of
G NS Quintal 7359 115153 847.41
Total Cost for 65 ft upper Soft Clay layer 7101.46
Cost per kilometer = 355.07 million Tk.
(d) Building Structures beside the Route:

Sl Unit Total Cost
No. Descri tion ofltems Unit Rate mill. Tk.)
I La out and markin' S m 7 1.28

Sgpplying, fabrication & fixing of Sheet
2 Pile 7359 100735 7430.64
Supplying, fabrication & fixing of
3 Wales uintal 7359 357602 2631.59
4 Su | in , fabrication & fixin' of Struts uintal 7359 220486 1622.56
Total Cost for Building Structures beside the
Route 11686.07

Cost per kilometer

=584.30 million Tk.
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(03) Bill of quantities

and estimated

retention method using by Bored Pile:

(&) For 20 It upper Clay laycr depth:

cost for total

route (20 kill) of earth

Sl. Unit Total Cost
No. Description ofltems Unit Rate Quantity (mill. Tk.)
1 | Layout and marking SOm Z 182927 1.28
2 | Boring for cast-in-situ pile Rrn 513 1333364 684.01
3 | Cast-in-situ pile with R.C.C. works Cum 7668 173052 1326.96
4 | Fabrication of 60 grade 25mm deformed bar Quintal | 5400 320666 1731.59
5 | Fabrication of60 grade 10 mm deformed bar | Quintal | 5400 228686 1234.90
6 | Providing and making Point Welding Point 2.38 | 210452820 500.87
7 | Providing and making Welded Splice Inch 3.57 9446760 33.72
8 | Supplying, fabrication & fixing of Wales Quintal [ 7359 213610 1571.95
9  Supplving, fabrication & fixing of Struts Quintal 7359 138362 1018.20

Total Cost for 20 ft upper Clay layer deoth 8103.52
Cost per kilometer =405.17 million Tk.
(b) For 77 ft upper Clay layer depth:

S| Linit Total Cast
No. Description of Items Unit Rate Quantity (mill,_Tk)
I Layout and marking SQm 7 182927 1.280489
2 Boring for cast-in-situ pile Rm 513 1333364 684.015732
3 Cast-in-situ_pile with R.C.C. works Cum 7668 173052 1326 962736
4 Fabrication of 60 grade 25mm deformed bar | Quintal | 5400 320666 1731.5964
5  Fabrication of60 grade 10mm deformed bar | Quintal. [ 5400 228686 1234.9044
6  Providing and making Point Welding Point 2.38 | 210452820 | 500.87771 16
7 Providing and making Welded Splice Inch 3.57 9446760 33.7249332
8  Supplying, filbrication & fixing of Wales Quintal | 7359 206469 1519.405371
9  Supplying, fabrication & fixing of Struts Quintal 7359 128543 945.947937
Total Cost for 77 It uppcr Clay laycr dcoth 7978.72

Cost per kilometer

= 398.94 million Tk.
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(c) For 65 ft upper Clay layer depth:

| S IUnit Tatal Cost |
No. Description of ltems Unit Rate Quantity (mill Tk)
1 | Layout and marking Sgm 7 182927 1.280489
2 | Boring for cast-in-situ pile Rm 513 1333364 684.015732
3 | Cast-in-situ pile with R.C.C. works Cum 7668 173052 1326.962736
4 | Fabrication of60 grade 25mm deformed bar | Quintal | 5400 320666 1731.5964
5 | Fabrication of 60 grade 10mm deformed bar | Quintal 5400 228686 1234.9044
6 | Providing and making Point Welding Point 2.38 | 210452820 [ 500.8777116
7 | Providing and making Welded Splice Inch 3.57 9446760 33.7249332
— 8 | Supplying, fabrication & fixing of Wales Quintal [ 7359 188024 1383.668616
9 Supplying, fabrication & fixing of Struts Quintal 7359 115153 847.410927
Total Cost for 65 ft upper Clay laver depth 7744 .44
Cost per kilometer =387.22 million Tk.
(d) Building Structures beside the Route:
| S Lnit Total Cost—
No. Description ofltems Unit Rate Quantity (mill. Tk.)
I [ Layout and marking Sgm 7 182927 1.28
2 | Boring for cast-in-situ pile Rm 661 1000031 661.02
3 | Cast-in-situ pile with R.C.C. works Cum 7668 245380 18557
4 | Fabrication of60 grade 25mm deformed bar Quintal | 5400 400829 2164.4 7
5 | Fabrication of 60 grade 12mm deformed bar Quintal [ 5400 248569 1342.27
6 | Providing and making Point Welding Point 2.38 | 197462020 469.96
- 7 Providing and making Welded Splice Inch 3.57 11808360 42.16
8 | Supplying, fabrication & f-ixing of Wales Quintal | 7359 357602 2631.59
9  Supplying, fabrication & fixing of Struts Quintal 7359 220486 1622.56
Total Cost for Building Structures beside the Route 10816.89

Cost per kilometer = 540.84 million Tk.
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(O~) Bill of 'l"altities

and estimaled

retention method using by Diaphragm Wall :

(@) For 20 ft upper Clay layer depth:

cos 1 for lolal

mille (20 Kkill) of earth

Sl. Lnit Tatal Caost
No. Description ofltems Unit Rate | ~uantity (mill. Tk
1 | Layout and marking Sgm 7 182927 128
2 | Boring for cast-in_Diaphragm Wall Rm 441 | 1503796 663 17
3 | Cast-in-Diaphragm Wall with R.C.C. works Cum 7668 185902 1425.49
4 | Fabrication of60 grade 25mm deformed bar Quintal | 5400 304621 1644 95
5 | Fabrication of60 grade 10mm deformed bar Quintal | 5400 27647 149.29
6 | Providillg and making Point Weldil],i Point 2.38 | 25426560 60.51
7 | Providing and making Welded Splice Inch 3.57 8974080 32 .04
8 | Supplying, fabrication & fixing of Wales Quintal | 7359 213610 1571.96
Y~ Supplying, faprication & TIXing of Struts Quintal 7359 138362 1018.20

Total Cost for 20 Tt upper Clay Tayer depth 6566.91
Cost per kilometer =328.34 million Tk.
(b) For 77 ft upper Clay layer depth:

Sl Unit Total Cost|
No. Description of Items Unit Rate Quantity (mill. Tk.)
1 Layout and marking Sgm 7 182927 1.28
2 Boring for cast-in Diaphragm Wall Rm 441 1503796 66317
3 Cast-in-Diaphragm Wall with R.C.C. works Cum 7668 185902 1425.49
4 Fabrication of 60 grade 25mm delormed bar | Quintal | 5400 304621 514.95
5 Fabrication of 60 I'rade 10mm deformed bar | Quintal | 5400 27647 149.29
6 Providing and making Point Welding Point 2.38 | 25426560 60.51
7 Providing and making Welded Splice Inch 3.57 8974080 32.04
8 SINIQlying, fabrication & fixing of Wales Quintal | 7359 206469 1519.40
) Supplying, fabrication & Tixing of Struts Quintal 7359 128543 945.94

Tolal Cosl for 77 fl upper Clay layer deplh 6442.10

Cosl per kilometer =322.10 million Tk.
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(c) For 65 ft upper Soft Clay layer depth:

Cost per kilometer = 460.30 million Tk.

-6

S| Llnit Total-Cosi—
No Description of Items Unit Rate | OQuantity (mill. Tk.)
[ Layout and marking Sgm 7 182927 128
2 Boring for cast-in Diaphragm Wall Rm 441 1503796 663.17

3 Cast-in-Diaphragm _ Wall with R.C.C. works Cum 7668 170410 | 130670
4 Fabrication of 60 grade 25mm deformed bar | Quintal | 5400 272555 1471.79
5 Fabrication of 60 grade 10mm deformed bar | Quintal | 5400 30127 F2_68
6 Providing and making Point Welding Point 2.38 | 24980480 59.45
7 Providing and making Welded Splice Inch | 357 | 8029440 28.66
8 Supplying, fabrication & fixing of Wales Quintal | 7359 188024 1383.66
[ 9 Supplying, fabrication & TIXing of Struts Quintal 7359 | 15153 847.41
Total Cost for 65 ft upper Clay layer depth 5924.84
Cost per kilometer =296.24 million Tk.
(d) Building Structures beside the Route:

Sl. Linit TIatal Cast
No. Description of Items Unit__| Rate | Quantity (mill,_Tk)
I | Layout and marking Sgm 7 182927 1.28
2 | Boring for cast-in Diaphragm Wall Rm 441 1503796 663.17
3 | Cast-in-Diaphragm Wall with R.C.C. works Cum 7668 | 247869 1900.-65
4 | Fabrication of 60 grade 25mm deformed bar Quintal | 5400 | 400816 2164.40
S | Fabrication of60 grade 10mm deformed bar | Quintal | 5400 22103 119.35
6 | Providing and making Point Welding Point | 2.38 | 25584000 60.88
7 | Providing and making Welded Splice Inch 3.57 | 11808000 42.15
8 | Supplying, fabrication & fixing of Wales Quintal | 7359 | 357602 2631.59
9  Supplying, fabrication & fixing of Struts Quintal 7359 220486 1622.55
Total Cost for Building Structures beside the Route 9206.07




Rill of guanitites and estimated  cost of Tunnel Rox '<:>'=-l!otalrollte (20km)

construction ~ of Metro-Rail Tunnel in Dhaka City:

Sl Linit TotalCost
No. Descriotion _of Items Unit Rate _Quantity _(mill. Taka)
Earthwork in Excavation Cum 32 2788519 8924
Extra rate for exceeding 1.5 m depth Cum 7 2514129 17.6
| 3 | Extra rate for exceedinl-( 10m depth Cum 1.06 958786 1.02 |
Extra rate for protected by palisading and
4 | de-watering Cum 244 2788519 680.4
[ Extra rate for de-watering exceeding 1.5 m
5 | depth Cum 425 2514129 1068.51
Sand filling (18™) by Coarse Sand
6 | (FM. 1.2) Cum 652 1003867 654.53
7 | 3" Soling Sgm 162 182927 29.64
Supplying and laying of single layer
8 | polythene sheet Sgm 22 585366 12.88
9 | 3" thick damp proof course (I: 1.5:3) Sgm 676 182927 123.66
10| R.C.C. works (I :1.5:3) with Stone chips
(i) In Floor Slab Concrete Cum 6126 139426 854.13
(if) In Roof Slab Concrete Cum 6126 139426 854,13
(iii) In Side Wall Concrete Cum M 508 87
(iv) In Middle Column Concrete Cum 6195 9667 59.89
(v) In Wall and Column Capital Concrete Cum 6195 29745 184.28
I'I'| Shuttering, prop and necessary supports
(i) In Roof Slab Shuttering 8gm 488 182927 89.27
(if) In Side Wall Shuttering Sgm 319 158537 50.58
(i) In Middle Column Shuttering Sgm 319 18000 5.75
(iv) In Wall and Column Caoital Shuttering Sgm 319 60976 19.46
| (i) Fabrication of 60 grade 25mm deformed | |
=I2'| bar | Quintal | 5400 255726 1380.93
(ii) Fabrication of 60 grade 16mm deformed
— | Dbar Quintal [ 5400 68309 368.87
(iii) Fabrication of 60 grade 12mm
deformed bar Quintal 5400 25729 138.94
(iv) Fabrication 01'60 grade IOmm
deformed Dar Quintal 5400 35385 191.08
I3[ Minimum 6 mm thick cement plaster (1:4) Sgm 99 640927 63.46
14| Plastic err.ulsion oaint to Wall and ceiling Sgm 89 496342 44.18
Total Civil Cost for Construction 7581.3
+5—FElectrfication—Ceost Som 967 182927 1769
16  Ventilation Cost ( 4 % of Civil Cost) 303.252
Total Cost for Construction of Tunnel Box 806 1.452
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Bill of guanitites and estimated cost of Metro ({.S. ill Dhaka City:

S| 1 lnit Tatal Ooct
No. M Unit Rate {Quantity (miﬁ T@;
I Layout_and Marking Sgm i 1700 001
2 | Shore protection work Sgm 579 5300 3.07
3 | Earthwork in Excavation Cum 32 25650 0.82
4 | Extra rate for exceedinv 1.5 m depth Cum 7 23150 0.16
5 | Extra rate for exceeding 10m depth Cum 1.06 9100 0.01 |
Extra rate for protected by palisading and de-
6 | watering cum 244 25650 626
7 | Extra rate for de-watering exceeding 1.5 m deDth | Cum 425 23150 9.84
8 | Sand filling (18") by Coarse Sand (F.M. 1.2) Cum 652 700 0.46
9 | 3" Soling Sgm 162 1530 0.25
Supplying and laying of single layer polythene
10 | sheet Sgm 22 1530 0.03
11| 3" thick damp proof course (1:1.5:3) Sam 676 1530 1.03
12| R.C.C. works (I :1.5:3) with Stone chips
(i) In Ground Floor Concrete Cum | 6126 1615 9.89
ni) In Slab (Roof 2" and I" Floor) Concrete Cum | 6126 927 5.67
(iii) Extra Rate in Slab (Roof, 2™ and 1" Floor)
Concrete Cum 94 927 0.09
(iii) In Side Wall Concrete Cum | 6195 1274 7.89
(iv) Fxtra Rate in Side \Wall (?”U and 15|]5Innr)
Concrete Cum 92 1068 0.09
| (v) In Column (2”", 155G.F. Floor) Concrete | Cum | 6195 | 101 0.63
| (vi) Extra Rate in Columns (2™ and 1"and G.F.) | | |
| Con. | Cum | 92 | 86 0.01
(vii) In Beam (Roof, 2nd and 1st Floor)
Concrete Cum 6126 1214 7.44
(viii) Extra Rate jn Beams (Roof ond and 11
Floor) Con. Cum 94 910 0.09
| (ix) In Staircase (2" 11 G.F. Floor) Concrete cum | 6309 | 27 017 |
(v) Extra Rate in Staircase (')”u’ 1"and G I:)
Concrete Cum 94 21 0.002
(xi) In Lintle (2" Floor) Concrete Cum | 6101 25 0.QI5
(xii) Extra Rate in Lintle (2™ Floor) Concrete cum 94 25 0.0002
13| Shuttering. prop and necessary SUDDorts
(i) In Ground Floor Shuttering Sgm 306 1362 0.42
| (i) In Slab (Roof, 2" and 1: Floor) Shuttering | Sgm | 488 | 2438 1.19 |
| (iii) Extra Rate in Slab (Roof, 2" and 1"Floor) | | | |
Shutt. Sgm 23 2022 0.05
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(iv) In Sitk: Wall Shutlcrin).: Sqlll ] 31() 211U 0.70
{vExtraRate—in-Side—Wat2—and—tFoot)
Shutt. Sgm 16 1719 0.03
(vi) In Column 12" 1" G.F. Floor) Shuttering Sgm | 31 53') | 0.17
(vii) Extra Rate in Columns (7"" and 1"and GF)
Shutt. Som 16 472 0.007
(viii) In Beam (Roof, 2" and 1* Floor)
Shuttcrilll! Sgqm 386 500 0.19
(iy) Extra Rate in Beams (F\)nnf, 2" and 1, Flnnr)
Shutt. Sgm 39 375 0.015
(X) In Staireasc 12"t G.F. Floor) Shutlering Som 390 100 0.04
(xi) Extra Rate in Staircase (2"".lsand G.F.)
Shuttcring Sgm 39 75 0.003
14 i) Fabrication of 60 grade 25mm deformcd bar Quintal | 5400 2177 Il. 76
15 lii) Fabrication of 60 grade 16mm deformcd bar | Quintal | 5400 1141 6.16
16  (iii) Fabrication of 60 gradc 12mm deformed bar | Quintal | 5400 302 1.63
17 liv) Fabrication of 60 grade |1Omm deformed bar | Quintal | 5400 499 2.69
18 125 mm thick Brick Wall Sgm 423 13005 5.50
19  Minimum 12 mm thick cement olaster (I :6) Sgm [ 109 [ 305 | 003 |
20  Minimum 6 mm thick cement plaster (I :4) Som 99 6718 0.66
21 10 mm thick color situ mosaic Som 921 2884 2.65
22 Plastic emulsion paint to inner Wall and ceiling Sgm 89 5170 0.46
23 Cemcnt paint to outer Wall Sgm 62 305 0.02
24 Supplving, fitting and fixing Stair railing Sgm 3710 35 0.13
Supplying, fitting and fixing Collapsible Gate 2
25 Nos Som | 2892 13 0.038
26  Suoolving, fittim! and fixing window grills Sgm 1167 168 0.20
Supplying, fitting and fixing Steel glazed
27 window Shutter Sgm 3297 168 0.55
28  Supplying, litting and lixing M.S. Door Shutter Sgm | 3400 65 0.22
29  Painting to Door and window Shutter Sgm 101 110 0.01
30 Providing drip course Rm 47 116 0.005
31 Rooftop parapet Sgm 953 92 0.09
Total Civil Cost for Construction 89.56
Cost of Lighting and Escalators (From Kolkata
32 Metro) Per Station 30
"ir Conditioning and Ventilation Cost (prom
33 Kolkata Met.) Per Station 64.4
Total Cost for Construction of Metro Railway 183.96 |

When it passing the 21 Nos. Station Building then total Construction cost of Tunnel

Station

Box becomes (8061315974 -112368508) = 7948.95 million Tk.
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Cost of Tunnel Box per km ~ 3'37.45 ",illioll Tk.

(01) If Bored pile is used, then total cost for construction of Tunnel Box is ( 7948.95-
1453.89) = 6495.06 million Tk. Cost of Tunnel Box pcr km = 324.8 million Tk.

(02) IfDia. Wall is used, then Total cost for construction of Tunnel Box is (7948.95- .
1374.95) = 6574 million Tk. Cost ofTunncl Box per km =328.7 million Tk.

Total construction cost for 20 km Tunnel Box including Diaphragm wall and
Underground Station Building is (9206.07+6574+21 x| 83.96) = 19643.23 million Tk.

" 19644 million. Cost per kilometer = (19644/20) = 982.2 million Tk." 983 million
Taka.
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