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PART VI
Appendix A
Equivalence of Nonhomogenous Equations in SI-Metric,
MKS-Metric, and U.S. Customary Units
Reference Sl-metric stress in MKS-metric stress in U.S. Customary unit
MPa kgf/cm? stress in
pounds per square
inch (psi)
General 1 MPa 10 kgf/cm? 142.2 psi
7/=21 MPa 7 =210 kgf/em? £=3000 psi
7/ =28 MPa 71 =280 kgf/cm? 7/ =4000 psi
7 =35 MPa 77 =350 kgf/em? 7=5000 psi
7/ =40 MPa 71 =420 kgf/lem? 7,=6000 psi
7, =280 MPa 7,=2800 kgf/cm? 7, =40,000 psi
r, =420 MPa 1, =4200 kgf/cm? 7, =60,000 psi
1, =1725MPa 1, =17,600 kgf/cm? 1,,=250,000 psi
7, =1860MP 7,,=19,000 kgf/cm? 7,,=270,000 psi

J}T’CinMPa
0.313\/}2 in MPa
0.083\/f7’C in MPa
0.17\//‘7’6 in MPa

for = fi+2.335:-35
for = f47.0
for=f.+83

for = 1.10£,+5.0

3.18 ,f’c inkgf /cm?

\/Z inkgf /cm?

0.27 ,f’c inkgf /cm?
0.53 ,f’c inkgf /cm?

for = fi+2.335:-35
for = f2+70
for = fo + 84
fc} = 1.10fc'+50

12 ,f’c in psi
3.77 ,f’c in psi
,f’c in psi
2,/f, inpsi

for = fu+ 2.335:-35
for = f++1000
for = fc + 1200
for = 1.10£,+700
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Reference Sl-metric stress in MKS-metric stress in U.S. Customary unit
MPa kgf/cm? stress in
pounds per square
inch (psi)
Eq.6.6.3 £ = 0.620/f. fo=2/f, £ =750/f,
Eq. 6.6.5 b (08 +%) . e, (08+ 1300) s o e, (08+ zof)y,oo) -
36 + 5B (apy, — 0.2) T 36+ 5B(apm —02) ~ T 36+5B(apm —02) "
> 125mm
Eq. 6.6.6 2, (0.8 +-2 e, (0.8 +-2 e, (08 +—2—
g h= —(36 ++9};°°) = 90mm = —(36 :91;000) >9cm h= —( T : f)"[;""“") > 3.5in
Eq. 6.6.10 0.25\/f, 1.4 0.8{f, 14 3\ f, 200
A———— — A — A —
fy w 1Y Wsmin fy w fy Ws,min fy w fy Ws,min
Eq.6.6.11 | s=380 (220) —2.5¢, <300 (220) = 3(28;0) —2.5¢, <30 (28:)0) s= 15(40200) -25c. < 12(40'—[:00)
Eqg. 6.6.24

My min = P, (15 + 0.03h)

My min = P, (15 +0.03h)

My min = P, (0.6 +0.03h)

Eq.

6.6.49

Vc =0.174 f'cbwd VC = 0.531 f'cbwd VC =24 f'cbwd
N, ; B N, ; _ N, i
Eq. 6.6.50 vc=o.17(1+@>1\/ﬁbwd 14_0.53(1+—140Ag>/1\/fbwd vc_2(1+—2000Ag>a b, d
Eq. 6.6.51 .= (0162 + 17pr;4“—d)bwd v, = (0saVF + l76pwVI;—d) b,d v = (1oa/f+ 25006pr;4“—d)bwd
<0.290/fb,,d < 0.930/f b, d <350/fb,d
Eq. 6.6.53 _ . 029N, Ny ; Ny
V. = 0294Fch,d |1+ I, Ve=0934\[f' bd 1+t V. =350/ fb,d |1+ 5004,
g
029N, N
. 6.6. v, = 017(1 4+ =4 ) A/Fb,d = 0 = N ;
Eq. 6.6.54 (1+22%) e =2 (Lt gy B 2 0

)zmbwd>o

N

V=053 1+—X4
¢ 354
g
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Reference Sl-metric stress in MKS-metric stress in U.S. Customary unit
MPa kgf/cm? stress in
pounds per square
inch (psi)
Eq. 6.6.55 -b,,s -by,s -by,s
AVF; fL AV fL AV fL
Yty min Yty min Yty min
b, s b, s b,s
> 0.35— >35— > 50—
yt yt yt
Eq. 6.6.58 | Vi = A,f, sina < 025Vf;b,d | Vi = Ayf, sina < 0.8Yfb,d V, = Ayf, sina < 3yfb,d
Eq 6.6.59 ( < T, D ) ( Tuph 2 ( ( TP >
1745, 1742, L74%,
<o(——+066f Vc <¢ C+8\//:
= \by ¢ rhl 2f. =" \b, ¢
Eq. 6.6.60 (Vu>+<Tuph> (Vu>+<Tuph> (Vu>+<Tuph>
b,, 1.742, b,, 1.742, b, d 1.742,
17/ . v, - |/ g
< R se(;5+2VE) | se(35+8V%)
b, d b, d
Eq. 6.6.64 | (4, +24,) = o.oazJEI;:”—s (4, +24,) = 02 f;l;:”—s (A, +24,) = 075 2
yt yt
0.35by,s 3.5b,,s 50b,,s
> > >
T e T fee T fye
Eq. 6.6.65 0.42./f;Ac, foe 1.33,/f; A Tyt S5V fcAcp (Ar\ fyt
AT AT A )
fy ( )h fy tmin fy ( )h fy tmin fy (S )h fyl{mm
Ac _ 0175b, A _ 175b, A, _25b,
s fyt s fyt s fyt
£q.6.6.68 | y _ 0272/ Fh + %d V.= Fohd + V. = 33M/fhd +Z%d
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Reference Sl-metric stress in MKS-metric stress in U.S. Customary unit
MPa kgf/cm? stress in
pounds per square
inch (psi)
Eq.6.6.69 | % Ve Ve
:[o.osz \/f_c =[0.16A IA =[0.6A IA
1, (0.12/F, + 22 2, (0.331/F + 2% 2, (1.250f + L2
GRS ) I ) I IR N )
o 2 V. 2 W 2

Eq.6.6.72 | , _ LAY _ LAY I CSEAYN
V=017 (1+ﬁ),1 Fibyd | V. =053 (1 +ﬁ),1 Fibyd A (2+ﬁ),1 Fib,d
Eqg. 6.6.73 | v, = 0.083 (0:—d+ 2)/1 Fhod | V.= o.z7(ij—d+ 2),1 Fbod V= (Osd + 2)/1 fibod
Eq.6.6.74 | v =0.334/f.b,d V. = Wfbyd V. = 4A/fb,d
Eq. 6.8.1 _ fy lliﬂl)ell)s _ fy wtwews _ 3fy wtwews
4= 7 (Cp+Ker b d= 7 (Cp+Kir b 4= 7 (Cp+Ker b
RYNI (d—b) 3.51/f; (d—b) 400/f, (d—b)
Eq.6.8.4 _aaff) (S AN ES _ A [ [y
€a=3 (s)()L A ed_(s) W ed_0'27(s) W
Eq. 6.8.9 0 - fydp sy _ fydp
dnh = ; T ——— dh = -
5.4./f, 17.2Jf, 65\/f,
Eq. 6.8.10 | V, = Ao (0.17AF + pufy)| Vi = A (0S3MF + pufy) | Vo = A AFL + pufy)
Eqg.6.8.11 Vo = 24p4fy sina Vo = 2A44fy sina Vo = 2A44fy sina

<0.83 JZACW

< 2.65\/2,40,,

< 10\/ZACW
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Reference Sl-metric stress in MKS-metric stress in U.S. Customary unit
MPa kgf/cm? stress in
pounds per square
inch (psi)
Eq.6.8.14 | Vi = Aw(acf! + pufy) | Vo = Acs(@cVF + pufy) | Vo = Aco(@chVFL + pufy)
o, =0.25for <15 @, = 0.80for2* < 15 a, =3.0for2* <15
o, = 0_17f0r’£_w >20 @ =053fory*>20 a; = 2.0for 3 > 2.0
w
Ea.D7 | Ny = kA hiF Ny = ke fhiF Ny = ke fhiF
k.=10o0r7 k. =100r7 k. =24 or 17
Eq.D8 | N, =390/fR7 N, = 5.8/ f.h3) N, = 16\ fh3)°
Ea- D17 | Ny, = 1301 [AprgWE | N = 425601 [AprgWF | Noo = 160cas [Aprgd/F7
v, Ae 0.2 _ Ae 0.2 .
Ea.D-24 \ % . V= 19(3) VEMWE ) | % =7(5) VATlea)™
=06(%) VaFlean*? ‘ ‘
v, Ae 0.2 _ Ae 0.2 .
Eq.D25 % V=21 (3) VEMTea® | Vo =8(3) VA Tilea)™®
=0.66 (d—e) VA F (ca)s ¢ @
Sec6.1.8.1| E, = w250.043,/f E, = w}50.14/f; E. —v2333\f!
Ec = 4700 ¢ E. = 15,100\/2 Ee = 5700051
Sec6.1.9.1
a=—Jt =Tt 10 |a=—Jr <10
(0.56\/7) (L.78Vf) (6.7Vf!)
Sec 6.4.1.2 J7 < 83MPa Jf < 27kgf Jem? J7 < 100 psi
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Reference Sl-metric stress in MKS-metric stress in U.S. Customary unit
MPa kgf/cm? stress in
pounds per square
inch (psi)
Sec 0.33\fb,d 1.1Jfb,d 4/f/b,d
6.4.3.4.3
Sec 0.17¢/f.b,d 0.53¢+/f,b,,d 20/f.b,d
6.4.3.5.1(f)
Sec 0.66+/f.b,,d 2.2Jfb,d 8\/f.b,d
6.4.3.6.9
Sec A?;;) <A§p> <A§p>
T, < 0.083pM/f (=2 )| T, <027¢A/f =2 T, < pAJf =2
6.4.4.1(a) ¢ ‘/f_f<pcp oniE Pep o Pep
Sec <o (4% [y M _ (A Ny (A [N
6.4.4.1(b) Fu OOBBM”_(M) 1+033Agﬂ\/ﬁ T“<O'27¢A‘/Z(pcp> HAEA\/E T“<‘M‘/E(pcp> 1+4Aguﬁ
Sec o A2 o 42 (4
6.4.4.22(a)| % - ¢0.33,1,/fc(p;) T, - ¢,1,/fc(p;j T, = ¢441/fc(p;)
Sec 1, = 033007 (22 Pp— _ (A% Ny T, = 407 ) P
6.4.4.2.2(b) bo) ) vasaie T“_‘wdpcp) Y wr("‘)J "
Sec6.4.5.5 (3.3 +0.08£)A, (34 + 0.08£.)A, (480 + 0.08f.)A,
114, 1104, 16004,
5.54, 554, 8004,
Sec 6.4.6.3 0.83y//,b,,d 2.65+/ f-b,,d 10/ fcbyd
Sec (3.3 +0.08£,)b,,d (34 + 0.08£,)b,,d (480 + 0.08f,)b,,d
6.4.7.3.2.1
11b,,d 110b,,d 1600b,,d
Sec

6.4.7.3.2.2

5.5-1.92)p,d
( ;

55 — 20 %) b, d
( )

(800 - 280 %) b,d
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Reference Sl-metric stress in MKS-metric stress in U.S. Customary unit
MPa kgf/cm? stress in
pounds per square
inch (psi)
Sec6.4.8.3 0.83/f,hd 2.65+/f,hd 10+/f hd
Sec6.4.8.5 0.17A4y/f.hd 0.534y/f,hd 20/ f.hd
Sec 0.17A4/f.b,d 0.534/f.b,d 2/ f.bod
6.4.10.3.1
Sec 0.5V f,b,d 1.6y/f.b,d 6/ f./bod
6.4.10.3.2
Sec 0.33fb,d 1.1/fb,d 4Jfbyd
6.4.10.4.8
0.58yf,b,d 1.9f.b,d 7\ febod
Sec 0.25M/f.b,d 0.810y/f.b,d 34/ febod
6.4.10.5.1
0.66f,b,d 2.1 fb,d 8v/f:b,d
0.17/f; 0.53Vf; 2Jf,
Sec 0.5¢/f, 1.6¢\/f, NI
6.4.10.5.2
Sec 0.179f; 0.530A/f, 20Mf;
6.4.10.5.4
& Sec
6.4.10.7.2
Sec 03302, IRUYNIA 4Mf;
6.4.10.7.3
& Sec
6.9.4.10
Sec 0.55b,d 5.6b,d 80b,d
6.12.5.3.1
&
Sec

6.12.5.3.2
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Reference Sl-metric stress in MKS-metric stress in U.S. Customary unit
MPa kgf/cm? stress in
pounds per square
inch (psi)
Sec (1.8 + 0.6p,f,)Ab,d < 3.5b,d (18 + 0.6p,f;)Ab,d < 35b,d (260 + 0.6p,f,)Ab,d < 500b,d
6.12.5.3.3
Sec 0.0018 x 420 0.0018 x 4200 0.0018 x 60000
8.1.11.2(a) £, f, f,
Sec8.2.2 Jf. <83 Mpa Jfi < 26.5 kgf/em? Jf. <100 psi
Sec8.2.3.2 _ Sepe _ e _ fpebe
tq = - dy = tq = - dy
210/f! 6. 6/1\/E 250f,
¢, - (fwawe > . _ ( wm) ¢, - (fywtwe) .
1.74/F, 530/f; 200/f;
( fbebe (e (30
tq = - dy = dp Cq = =) dy
RYNIA 4.40\[f, 501,/f,
(e e _ (3f b
tq = - dy dp Cq = =) dyp
LANE, 350/, 401/f;
0.24f, 0.075f, 0.02f,
Sec8.2.4.2 <Nf'y) d, = (0.043£,)d, chy> dy = (0.0044f,)d, ( Nf’y) d, = (0.0003f,)d,
Sec 8.2.6.2 0.24 0.075 0.02
o Can = (ify> dy | €an = <—¢efy> dy | €an = (if}) dy
WF F: WF:
Sec bys bys b,,s
0.41— 42— 60—
8.2.7.5(b) - for foe
d d d
zezclo " o.17—”fyf 0.053—”fo 0.014—”fyf
210200 W W W
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Reference Sl-metric stress in MKS-metric stress in U.S. Customary unit
MPa kgf/cm? stress in
pounds per square
inch (psi)
Sec 0.071f,d, 0.0073f,d, 0.0005f,d,
8.214.1 (0.13f, — 24)d, (0.013f, — 24)d,, (0.0009f, — 24)d,
Sec 0 - <0.19tpefy> p 0 - <0.06lpefy> p e — (0.0161pefy> p
at =\ 7 7= | at =\ 7= | % a = \7/ 7= |%
8.2.17.2 \/E \/E \/E
Sec (fy - 240> (fy - 2460> (fy — 35,000)
8.2.18.2 fy fy fy
Sec 1.4b,,d 14b,,d 200b,,d
8.3.4.2(a) fy fy fy
Sec8.3.5.4 350 — hy 35— hy 14— hy
s, =100 + S, =10+ So =4+
(ot (552 (4559
6.8.8 100 mms s, <150 mm 10 cm< 50 <15 cm 4in. <s0<61in.
Sec 0.0834,4V/f, 0.27A M f, A f
8.3.6.2(a)
Sec 0174,/ ) 0534,/ f) 24 M/ f)
8.3.6.2(b)
Sec 8.3.6.6 2.8/f, 28/f, 400/f,
Sec 0.334/f/Acy WA YN
8.3.6.7 (b)
Sec8.3.7.3 1.7V f/4; 5.3V /4 20y/f.A;
1214 41,4 1514
1.0/ fZ4A; 3.2y fCA; 124/ fCA;
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Reference Sl-metric stress in MKS-metric stress in U.S. Customary unit
MPa kgf/cm? stress in
pounds per square
inch (psi)
Sec 0.67Ac/ f/ 2124, f! 8Ac fo
8.3.8.3(f) - - -
0.834.pv /¢ 2.65Acp4 f¢ 104, fe
Sec 0.83A4cpV/ f; 2.654\ [ 104,V [
8.3.8.3(g)
Sec 0.29/f.b,d 0.93\/f.b,d 3.5y f/b,d
8.3.12.4
Table 6.6.1 | (1.65—0.0003w,) = 1.09 | (1.65—0.0003w,) =1.09 | (1.65—0.005w,) = 1.09

fy
(0.4 + m)

fy
(044225

fy
(0'4 * 100,000
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PART VI
Appendix B
Local Geology, Tectonic Features and Earthquake Occurrence in the Region

B.1 Seismotectonics and Earthquake Occurrence in and Around Bangladesh

B.1.1  General

Earthquakes are closely related to plate tectonics. Bangladesh is located in a tectonically
active region close to the plate boundaries of the Indian plate and the Eurasian plate. The
plate boundaries lie to the north and east of Bangladesh. The collision of the north-east
moving (around 4 cm or more annually) Indian Plate with the Eurasian plate (Figure 6.B.1)
is the cause of frequent earthquakes in the region comprising North East India, Nepal,
Bhutan, Bangladesh and Myanmar.

Major thrust faults exist to the north (at the foot of the Himalayas) and to the east (in the
Indo-Burma mountain ranges) of Bangladesh. Geologic evolution of the Bengal Basin is
related to this collision. Bangladesh constitutes the major portion of the Bengal Basin. The
collision perhaps started in the late Cretaceous and the Bay of Bengal and the Bengal Basin

attained its present configuration at the end of middle Miocene orogeny.

Tectonically Bangladesh is divided broadly into three divisions: (i) Stable Shelf (in the
northwest) (ii) Bengal Foredeep (in the Central) and (iii) Chittagong-Tripura Folded Belt
(in the east). In addition there is a SW-NE trending 25 km wide hinge zone separating the
Bengal Foredeep from the Stable Shelf.

The Stable Pre-Cambrian Shelf in the northwest consists of relatively thin sedimentary
strata over bedrock. In Madhyapara area of Dinajpur the basement is only 130 m deep from
the ground surface and is overlain by Dupi Tila Sandstone and Madhupur Clay of Plio-
Pliestocene age. The basement plunges gently from Madhyapara towards the southeast up
to the Hinge Zone. Seismic contours on top of limestone in Bogra show regional dip of 2-
3° besides revealing a number of NE-SW trending faults. The hinge zone is characterized
by the sharp change in the dip of the basement rocks associated with deep-seated
displacements in faults and is reflected on the gravity and magnetic anomalies. In the hinge
zone, the depth of the limestone increases from 4000m to 9000m within a narrow zone of
25-km. Hinge Zone is connected with Bengal Foredeep by deep basement faults that
probably started with the breakup of Gondwanaland. The SW-NE trending Hinge Zone
turns to the east near Indian border in Jamalpur and seems to be connected with the Dauki
Fault, probably by a series of east-west trending faults. Bengal Foredeep occupies the vast
area between Hinge Line and Arakan Yoma Folded System in the east. The Bengal



