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QUESTION PAPER SPECIFIC INSTRUCTIONS
Please read each of the following instructions carefully before attempting questions :

There are EIGHT questions divided in TWO SECTIONS and printed both in HINDI and
in ENGLISH.

Candidate has to attempt FIVE questions in all.

Question Nos. 1 and 5 are compulsory and out of the remaining, any THREE are to be attempted
choosing at least ONE question from each Section.

The number of marks carried by a question/part is indicated against it.

Answers must be written in the medium authorized in the Admission Certificate which
must be stated clearly on the cover of this Question-cum-Answer (QCA) Booklet in the space
provided. No marks will be given for answers written in a medium other than the authorized one.
Wherever any assumptions are made for answering a question, they must be clearly indicated.
Diagrams/Figures, wherever required, shall be drawn in the space provided for answering the
question itself.

Unless otherwise mentioned, symbols and notations carry their usual standard meanings. Attempts
of questions shall be counted in sequential order. Unless struck off, attempt of a question shall be
counted even if attempted partly. Any page or portion of the page left blank in the Question-cum-
Answer Booklet must be clearly struck off.
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Qqus ‘A’ SECTION ‘A’

1.(a) = f ¥ gui 39ER U 9@ &F ABCD, B 3R C & == 10 kKN/m &l ThaaH
faafta wR w@ @ R D | 50 kN-m &1 cféromad smepl & 9gq R @R |
A, D 3R #@gd BC & fou weh-fivs-am@ smmsy |

/—— 10 kN/m
Py (300000000000
2 @ @ ‘> 50 kN-m
Z |
@ © )
4|/ 2m ;Il’ 2m % 2m /{/

A cantilever beam ABCD, as shown in the above figure, is carrying a uniformly
distributed load of 10 kN/m between B & C and a clockwise moment of 50 kN-m
at free end D. Draw the free body diagram for A, D and for the member BC only.

10

1.(b) = oo % v srefia-miika-wdisnT &1 SIyed e ST T ® | 36 S S @
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Cross-section of an axially loaded compression member is shown in the above figure.
This compression member was to be loaded at centre ‘O’ of the Section. Due to

mistake this was loaded at point ‘P’ by a concentrated load of 500 kN. Find out the
stresses at points A, B, C and D of the Section. 10
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1.(c)

1.(d)

20 kKN/m i it Ta 6 Hex @rg & U g9 faaia 9r, 30 Wi f gl 9
e TR R Guferd BT € | 9Q e A ¥ 6 W) R B T we ®
sftrepam de sl foRaem B ?
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(wffer weremm frafia wR) I Alws .
(moving UDL)

A uniformly distributed load of 20 kN/m intensity and 6 m length moves over a
simply supported girder of 30 m span. What will be the maximum bending moment
at a section 6 m from the left support A ? 10
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Determine the maximum permissible load (P) on the bolt A. Assume the Bolt value
as 45-3 kN. 10
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1.(¢)

2.(a)

2.(b)

TH FAford dhlec T H, AW Yoo & #1 FE B ©

What are the functions of transverse reinforcement in a reinforced concrete column ?
10
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A cantilever beam ABC as shown in the above figure is having a total span of 2-0 m.
The maximum safe allowable bending stress is 7500 kN/m? for the material. Find the
maximum safe uniformly distributed load which this beam can carry. What will be
the maximum shear stress at support A for the obtained safe UDL ? (Neglect the self
weight of beam) 20

gra-sraer-aftaeds fafay grr, fomr gdteq weem a@ & sgdeR wefad
Fshie e & forg, wom faga & i, Salia st & eks & faku & fou e
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Fig. 1 STRESS-STRAIN CURVE FOR CONCRETE
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From first principles, derive the expression for determining the depth of neutral axis,
for a rectangular reinforced concrete section without compression reinforcement, as
per Limit State Method. Use the stress-strain curves for concrete and reinforcing bars

shown in the Figs. 1 and 2.

1 N 4
‘J t 002 :
‘001 ‘003 )
Fag Fia faefia 8
23A Cold Worked Deformed Bar

‘0001
‘0003
‘0007
f, f,
fyn1s
T
PIGEC] B 3
STRESS Eg= 200000 N/mm
g fogft STRAIN —>
fafsaa wvE awlt T 88

23B SteeL Bar wiTH DEFINITE YIELD POINT

e & forg wfefafy wivee fogfa =56

F1G. 2 REPRESENTATIVE STRESS-STRAIN CURVES FOR REINFORCEMENT

10
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2.() I A ISA 100x100x12 mm, fort # gufu ER, e BT ¥ o g | o
el 540 kN & =H T 9t @ 3 o § | g o, @l 9t R At
TRT SIS T € | A fhoe 3w 1 AT 6 mm @ @ g [, WL, B s
IS | £, =410 MPa, e & forg siflren grem e 5, =125 |
IS 800 : 2007 &1 Heiftd WRAT e © |

| 292 mm

540 kN

&ISA 100 x 100 x 12 mm

12 mm
R.__ Gusset plate 12 mm thick

Two angles ISA 100x100%12 mm transmit an ultimate tensile force of 540 kN, acting
through the C.G of angle sections as shown in the Figure. The angles are connected to
the gusset plate on either side by welding. Design the lengths / 1 and /, of the weld if the
size of the fillet weld is 6 mm, f, =410 MPa, partial safety factor for the weld
Ymw = 1-25. Relevant portion of the IS 800 : 2007 is enclosed. 20

3.(2) T § o s gferm ABCD quifé 7 R | N fg T st smeg- R - st
T I R g ST gferan 3 g sifeer Ry simepit < o st foraor fafy”
GRT IR | et 37 ot o1 Y@ 9t S ey |

Mppg =-13-5kN-m™ Mgga = +9-0 kKN-m D

Mgpc =-37-5kN-m™ Mgcg=+37-5 kN-m D
Mgcp =-9-0 kKN-m Mepc=+13-5kN-m D
Mgap = +90 kKN-m D Mgpa =—-90-0 kN-m D
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3.(b)

4 e
@
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@ @ 30m
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30 kN/m) @ @ t30 kN/m
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" ¥ 60m 1

A box culvert ABCD is shown in the above figure. By using member fixed end
moments given above; calculate the final end moments in the box culvert using
“Moment distribution method.” Also sketch these moments only. 20

TF T-RA & H, 200 kNm & Fa1 ol &t agd & fofg o ARl Heeda ol
Ff¥ereqs difory | e ot faaror A foam man -

oo I =TS be= 1400 mm

Je I 41T by, = 300 mm

T-8RA 6l YATE TeTs d = 455 mm
T-#RA & T Tes D = 500 mm
et Y TERTE Dy = 125 mm

M25 I Fshie TF Fe 500 I T8I &1 IIAN 0T | IS 456 : 2000 HT Fefed WA
7 B |

Design only the flexural reinforcement for a T-beam section to resist a service moment
of 200 kNm. The details of the section are given below :

Breadth of flange b= 1400 mm

Breadth of web b, = 300 mm

Effective depth of the T-beam d = 455 mm
Overall depth of the T-beam D = 500 mm
Depth of flange D¢= 125 mm

Use M25 grade concrete and Fe 500 grade steel. Relevant portion of the IS 456 : 2000
is enclosed. 20
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3.(c)

4.(a)

4.(b)

T 10 HieR o Wi 9139 qHi R W Jgreified € | 56@ amed S 500 mm 3R
AETE 20mm ® | 98 I 100 kN/m o UHEEE fRaka WR 9w 9 @ € (e
@R i "fie ) | 9w & st faga & e Fife | E = 200 Gpa ifti |

A 10 mts long steel pipe is simply supported at both ends. It is having 500 mm
external diameter and 20 mm thickness. It is carrying a total uniformly distributed
load of 100 kN/m (including the self weight). Calculate the maximum deflection of
the pipe. Take E =200 GPa. 10

T 94 Hiaaterd T-8RA <l Aq9ed e § Tofiot 1500 mm =19 TF 200 mm At 3R Rar
300 mm = T 1200 mm T § | T€ ERA 9 9 MR F AR 20 kKN/m ol
R, 18 m & Ygreiferd forgfa W @ ol ® | 36 4 @ T Sogan o A 9l
IR @ gd-wicafea fram mar @ | @& wivast & g@ 16% w7 e | af & sid
3R a1 & aget # ea e ufee A 9= #R 5 MPa € o wRfie witeem @
‘P R z@H Iehsan ‘e’ T Fiforg | dehie &1 waE WR 25 avme ¥ |

A prestressed concrete T-beam having the cross-section of flange 1500 mm wide and
200 mm thick, rib of 300 mm wide and 1200 mm deep. The beam carries a live load of
20 kN/m apart from its dead load, over a simply supported span of 18 m. The beam is
prestressed with a straight cable having constant eccentricity ‘e’. Assume the losses of
prestress as 16%. Determine the initial prestressing force ‘P;” and its eccentricity ‘e’ if
the permissible net stresses are equal to zero and 5 MPa respectively at top and bottom
fibres of the beam. The unit weight of concrete is 25 kN/m?3. 20

= ot ek U Siig arelt wmfig &9 & wiika 3t ABCDE <ol 1 R | v s
1 FTHE 1 &% 500 mm? FR E =200 GPa & | 5 C R fiem arer a9t sraaa
& et @t o 7 gufar @ ® | vaw-wr-fafy grr e ¢ ¥ w8y @ o
Hifom |

A pin jointed, symmetrically loaded, truss ‘ABCDE’ is shown in the above figure.
Cross-sectional area of each member is 500 mm? and E =200 GPa. Forces in the
members meeting at joint C are also shown in the figure. Calculate the vertical
deflection of joint C by unit load method. 20
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4.(c)

5.(a)

5.(b)

&.{c)

TEATHS ST & Ueh a1 dagd A fafser yeer & w1 faemg =/ € 2 @l g
TR T |

What are the different modes of failure of a structural steel tension member ? Explain
with sketches. 10

qusg ‘B’ SECTION ‘B’

U 125 mm T & FEARR Seid, Uh 130 mm AT & 3ag aedd & AGL Hohgd:
AT € | QF1 Sl o TE 325 mm ® | Afg 70 rp.m F wfd SAQ @w & fag
0-92 Nm & g0l @Al elcil €, Al Sl & o 6l SWg § W 8 59 @
Tfae SFFaT T g |

A 125 mm diameter vertical cylinder rotates concentrically inside a fixed cylinder of
diameter 130 mm. Both cylinders are 325 mm long. Find the dynamic viscosity of
the liquid that fills the space between the cylinders, if a torque of 0-92 Nm is required
to maintain a speed of 70 r.p.m. 10

Ffdsd v 0-925 3R g s WEAT 09 Wid 9 T dd S ERI, S TS
6m/s % WA URT 9 ¥ Wared ®, # 15 cm TG AR 45 cm =, Fqesdad @t
T, TE quet ufger W udur fae i e AT | @A Wwa @Al SR S
R W AGEU Hiqad W TG IS | I W g 1000 kg/m? ST |

Calculate the friction drag on a flat plate 15 cm wide and 45 cm long placed
longitudinally in a stream of oil of relative density 0-925 and kinematic viscosity
0-9 stoke, flowing with a free stream velocity of 6 m/s. Also find the thickness of

the boundary layer and shear stress at the trailing edge. Take density of water
1000 kg/m?. 10

A ot 3 quté 7w fawe TR FH 70 om @ AR 2 om AW F U SeAfeR =
T | R H, 920 kg/m> ¥ UH 1.5 UGH AT o © | 5 ol B o ddg H
FAE, U9 O FH ¥ 0-80m IR B Al 9d H ¥ fremw @ wid hifsw |

__Y_‘ - @
T -
80 cm oil
¥
| WTH =2cm

70 em U diameter =2 cm
A ? __________

Q
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A large tank as shown in the above figure has a vertical pipe 70 cm long and 2 cm
in diameter. The tank contains an oil of density 920 kg/m® and viscosity 1-5 poise.
Find the discharge through the pipe when the height of the oil level of the tank is

0-80 m above the pipe inlet. 10
5.(d) e HdA (PR wx) fofyr gR1 & & wme v TR wn e fafafaa sies
AH g
Grell AR Hex A a9 = 23 N
IS Td HR HeX & a9 = 50 N
&R & dl fmU . 4™ = 90 mm T F9TE = 180 mm
St feafor & foq T\-77 @ a9 = 55x102 N
& A gAY M A H a9 = 52x1072 N
e Fuit 1 fafie wweE = 2.70
oo forg e, R smum, @ agfn & wen s i |
A field density test was conducted by core-cutter method and the following data was
obtained :
Weight of empty core-cutter = 23 N
Weight of soil and core-cutter = 50 N
Dimensions of the core-cutter dia = 90 mm and height = 180 mm
Weight of wet sample for moisture determination = 55x1072 N
Weight of oven dry sample = 52x1072 N
Specific gravity of soil grains = 2-70
Determine its dry density, void ratio and degree of saturation. 10
5.() UE &AW A UH-TR-GIE0 T T TF 300 mm H FFR qfgH ¥ T GEA
600 mm < iR wewr afgwr F | T QA et 7§ 25 mm o & fog @l @@
A AW 21-6 kN W 64-8 kN W 11 | 3@ & oy s -ara-g@; 3R fwed
F 25 mm & i 8 B A & # & 1.5 mx1-5 m A iR 918 gR1 aed fhg
M 91 qR H feifa fifs |
Two plate load tests were conducted at a site — one with a 300 mm square plate and
other with a 600 mm square test plate. For a settlement of 25 mm the loads were
found to be 21-6 kN and 64-8 kN respectively in the two tests. Determine the
allowable bearing pressure of the sand and the load which a square footing
1-5mx1-5m can carry with the settlement not exceeding 25 mm. 10
PHKM-U-CVL 10
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6.(a)

6.(b)

6.(c)

7.(a)

T % T e H ARG o F, 3qH =g L, a9 V, Tecdldwu g 3R g it
S foh wa p Td AT p W FeH ® | 36wy @ faurfea wew # fafau |

The resistance force F of a ship is a function of its length L, velocity ¥, acceleration
due to gravity g and fluid properties like density p and viscosity p. Write this
relationship in a dimensionless form. 15

T foferta ware & g ware oo y=2xy TR e # | g P2, 3) R @
Ju-fasa B oEn Rfsre |

The stream function for a two-dimensional flow is given by y = 2xy. Calculate the
velocity and velocity potential at point P(2, 3). 15

T A-gH0 OIS & TR A, 60 kKN/m? i ey ddied gwar 4t 5 m A
giaer fms = 100 kN/m? it stafteg adied ewar arell 10 m |t gfva €, &
LT AT | TUISA A FARI W OSRIAT AT § AR U AR A TUMC 1-00 m
&% Q@ W §; FAR 750mm A F5 G W T | TAS SN H AW 300 mm € |
Ff¢ 25 1 GREAT Ik AEAWH ¢ A GUE GRT ded Y o1 e a Sifiead R
=1 T Afw | v,=9 3k giawr &1 TFF IR 16-4 kN/m3 =i |

A group of nine friction piles is driven through 5 m of clay with unconfined
compressive strength of 60 kN/m? followed by 10m of clay with unconfined
compressive strength of 100 kN/m?. The piles are in 3 rows and will be 1-00 m
centres in a row and the rows will be 750 mm on centres. Each pile has a diameter
of 300 mm. If a factor of safety of 2-5 is required, determine the maximum load that
can be carried by the group. Take N,=9 and unit weight of clay as 16-4 kN/m3.

20

T& TR H TF Jal, S ¢ =20 kN/m?, ¢=20°, ¢=0-80 T G=2-70 §, ¥ @
AT R | W T 1 H 1 ® | AR H TS 8 m @A § | TR & O wEIfed BN W
HES o WU H GRET U T Rorg | Afe AeR Asht ¥ @it Se, | gren
U T TR ? f=45° F Toru, ¢ & faftmr ot & forg wnfie s fmvar € -

oSt B o | 00| 150 | 200 | 25°
(in degrees)
SN 0-14| 0-12| 0-10 | 0-08 | 0-06

A canal is to be excavated through a soil with ¢ =20 kN/m?, ¢ =20°, e =0-80 and
G =2-70. The side slope is 1 in 1. The depth of the canal is to be 8 m. Determine
the factor of safety with respect to cohesion when the canal runs full. What will be
the factor of safety if the canal is rapidly emptied ? For 8= 45°, the stability number
for various ¢ values are as given above. 15

11 PHKM-U-CVL
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7.(b)

7.(c)

8.(a)

e T e ) e afsfeam (MwEd) | 999 3 3 m TeE a9, 9 wiikd
g g 3m & 8§ m TETE OF TH §m @ A FE-IHAW WgM ¢ | W T &R
TR ¥ 0-6m A g | 3 H T 9 &R & IR 18:6 kKN/m® 3R 9l &R & 419
192 kN/m? ® | gfter & fou wiefdes Sienier 50%, 5@ @m1 70% 3R fafie a9
270 & | W & TH foRgd & | T A 50 kN/m? & ThaHH fadfa ad@t wR
F FRU B Al gwifad w9 fwea & o ifeg |

The soil profile at a building site consists of dense sand up to 3 m depth, normally
loaded soft clay from 3 m to 8 m depth and stiff impervious rock below 8 m depth.
The ground water table is at 0-60 m depth below ground level. The sand has a
density of 18-6 kN/m® above water table and 19-2 kN/m> below water table. For the
clay, natural water content is 50%, liquid limit is 70% and specific gravity is 2-70.
Calculate the probable ultimate settlement resulting from a uniformly distributed
surface load of 50 kN/m? applied over an extensive area of the site. 15

Teh X ¥ Sl WATE 425 I/s | 680 //s aeh uiafdd 2iar € | 9g smuféa & fF 90° &
V- fomx & us arfest § 91 S el 9o 1 98 340 /s ¥ 9 U4 425 Us
¥ sfts 7 71, SafF a1 g0 9a UE di-ReR-amaesR iR & R | S
FEaER famx 6t o= @R yae R & IR sifiean gEaar W R |
Tt for & forg ¢, =0-58 fifomg |

The flow of water in a canal varies from 425 //s to 680 //s. It is desired to discharge
not less than 340 //s of water and not more than 425 //s over a 90° V-notch weir into
one channel, while the remainder goes over a sharp-crested rectangular weir. Find
the length of rectangular weir and maximum head on each weir. Take C; = 0-58 for
both weirs. 20

T WU SR UB Al 8m I Uh widgre T @ e war wsfa e
¢ =50 kKN/m2, ¢=15° U8 Ueheh WK 18 kN/m? &, & faeg e foar wmar & | 7@ s
i Hae W 40 kKN/m? & a9 IfRWR aeq o=t € | Tafsra-ge-faawr-sma s=mse
3R it woirg & forg yaw fomg oft sma <fifo |

A retaining wall 8 m high, with a smooth vertical back is pushed against a soil mass
having ¢ =50 kN/m?, ¢=15° and unit weight 18 kN/m>. It carries a surcharge of
40 kN/m? uniformly on its top surface. Draw the passive pressure distribution diagram
and find the point of application of the resultant thrust. 15

PHKM-U-CVL 12
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8.(b)

8.(c)

ww IR T, 600 KN/m? % s 9% qEd wiEd 3R 200 kN/m? & & o e
wfed ® fed & S € | afe =@ ger e % foau e ge widee 300 kN/m?
aar @ fraifka e & 9= ger ulEa feam @@, afe () ¢=35° @
(i) $=0° % |

A particular soil failed under a major principal stress of 600 kN/m? with a
corresponding minor principal stress of 200 kN/m?. If for the same soil, the minor

principal stress had been 300 kN/m?, determine what the major principal stress
would have been if (i) ¢=35° and (i1) ¢=0°. 15

U FHE WATE WifEaT eeE 30 m h gEead SR 10mYs % R ®
FTRT © | 9 (FR) I AT 300rpm T | TR 99 & AREH 3B W Tk R

aftefia 37 0.942gH wE ware & Frsw 4w 0-34/2gH ¥, el H eRamed W graread
2 | aft wxamzA g9 qEal Ud gAi (SEgis) e ST 80% T 90% € i,
W@'ﬁﬁ({:

(i) Sa= wfeh, kw &

(ii) A TR I N ATH AR AL
(i) s=rt R fEue =g @

(iv) Tl S T A=A hIT

forfr = faast fsdim 7@ &ifsg |

An inward flow reaction turbine works under a head of 30 m and discharge of
10 m%/s. The speed of runner is 300 r.p.m. At the inlet tip of runner vane, the

peripheral velocity of wheel is 0-94/2gH and the radial velocity of flow is 0-3 v2gH,
where H is the head on the turbine. If the overall efficiency and the hydraulic
efficiency of the turbine are 80% and 90% respectively, determine :

(i) the power developed in kw

(ii) diameter and width of runner at inlet
(iii) guide blade angle at inlet
(iv) inlet angle at runner vane

Assume that the discharge at outlet is radial. 20
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IS 800 : 2007 T AT W
- Relevant Portion of IS 800 : 2007

10.5.4.3 The effective area of a plug weld shall be
considered as the nominal area of the hole in the plane
of the faying surface. These welds shall not be designed
10 carry stresses.

10.5.4.4 If the maximum length /; of the side welds
transferring shear along its length exceeds 150 times
the throat size of the weld, r, the reduction in weld
strength as per the long joint should be considered.
For flange to web connection, where the welds are
loaded for the full length, the above limitation
would not apply.

10.5.5 Intermittent Welds

10.5.5.1 Unless otherwise specified, the intermittent
fillet welding shall have an effective length of not
less than four times the weld size, with a minimum
of 40 mm.

10.5.5.2 The clear spacing between the effective lengths
of intermittent fillet weld shall not exceed 12 and 16
times the thickness of thinner plate joined, for
compression and tension joint respectively, and in no
case be more than 200 mm.

10.5.5.3 Unless otherwise specified, the intermittent
butt weld shall have an effective length of not less than
four times the weld size and the longitudinal space
between the effective length of welds shall not be more
than 16 times the thickness of the thinner part joined.
The intermittent welds shall not be used in positions
subject to dynamic, repetitive and alternating stresses.

10.5.6 Weld Types and Quality

For the purpose of this code, weld shall be fillet, butt,
slot or plug or compound welds. Welding electrodes
shall conform to IS 814.

10.5.7 Design Stresses in Welds
10.5.7.1 Shop welds
10.5.7.1.1 Fillet welds

Design strength of a fillet weld, f,, shall be based on
its throat area and shall be given by:

f wd =f wn I me
where

fon= L3

Jf, = smaller of the ultimate stress of the weld
or of the parent metal, and

Ymw = partial safety factor

10.5.7.1.2 Butt welds

Butt welds shall be treated as parent metal with a
thickness equal to the throat thickness, and the stresses
shall not exceed those permitted in the parent metal.

PHKM-U-CVL

10.5.7.1.3 Slot or plug welds

The design shear stress on slot or plug welds shall be
as per 10.5.7.1.1.

10.5.7.2 Site welds

The design strength in shear and tension for site welds
made during erection of structural members shall be
calculated according to 10.5.7.1 but using a partial
safety factor vy, of 1.5.

10.5.7.3 Long joints

When the length of the welded joint, /; of a splice or -
end connection in a compression or tension element is
greater than 150 ¢, the design capacity of weld
Jwa shall be reduced by the factor

0.2,
B.=12-—L<10

150¢,
where
; = length of the joint in the direction of the
force transfer, and
t, = throat size of the weld.

10.5.8 Fillet Weld Applied 1o the Edge of a Plate or
Section

10.5.8.1 Where a fillet weld is applied to the square
edge of a part, the specified size of the weld should
generally be at least 1.5 mm less than the edge thickness
in order to avoid washing down of the exposed arris

10.5.8.2 Where the fillet weld is applied to the rounded
toe of a rolled section, the specified size of the weld
should generally not exceed 3/4 of the thickness of the
section at the toe

10.5.8.3 Where the size specified for a fillet weld is
such that the parent metal will not project beyond the
weld, no melting of the outer cover or covers shall be
allowed to occur to such an extent as to reduce the
throat thickness

10.5.8.4 When fillet welds are applied to the edges of
a plate. or section in members subject to dynamic
loading, the fillet weld shall be of full size with its leg
length equal to the thickness of the plate or section,
with the limitations specified in 10.5.8.3.

10.5.8.5 End fillet weld, normal to the direction of force
shall be of unequal size with a throat thickness not

less than 0.51, where ¢ is the thickness of the part, as
shown in. The difference in thickness of the welds
shall be negotiated at a uniform slope.

10.5.9 Stresses Due to Individual Forces

When subjected to either compressive or tensile or
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ANNEX G (Clause 38.1)

MOMENTS OF RESISTANCE FOR RECTANGULAR AND T-SECTIONS

G-0 The moments of resistance of rectangular and

T-sections based on the assumptions are given in this
annex.

G-1 RECTANGULAR SECTIONS

G-1.1 Sections Without Compression
Reinforcement

The moment of resistance of rectangular sections
without compression reinforcement should be obtained
as follows :

a) Determine the depth of netutral axis from the
following equation :

x, _ O087f, A,

d 036 f, bd

b) If the value of x/d is less than the limiting
value, calculate the moment of resistance by
the following expression :

Ay fy

M, =0.87 fy Ay d[l —-bTi—ch:]

¢) If the value of x/d is equal to the limiting
value, the moment of resistance of the section
is given by the following expression :

Xy,
M, im = 0.36 ""-T“‘“ (1 -0.42 —"'—d'““-"—)bdz fa
d) Ifx,/d is greater than the limiting value, the

section should be redesigned.
In the above equations,

X, = depth of neutral axis,
= effective depth,
& = characteristic strength of reinforce-
ment,
A, = area of tension reinforcement,
Iy = characteristic compressive strength
of concrete,
b = width of the compression face,
im = limiting moment of resistance of
a section without compression
reinforcement, and
Xy = limiting value of x,
G-1.2 Section with Compression Reinforcement

Where the ultimate moment of resistance of section
exceeds the limiting value, M, . compression
reinforcement may be obtained from the following
equation :
Mu - Mu.litu:fscAsc ( d-d )

where

oM, d are same as in G-1.1,
f,,= design stress in compression reinforce-

ment corresponding to a strain of

0.0035 ———(x“' ol

X,

u, max 15

where.

the limiting value of x,
area of compression reinforcement, and

depth of compression reinforcement
from compression face.

xu. max
Asc
d ’

The total area of tension reinforcement shall be
obtained from the following equation :
'All - Aul + Aﬂz
where )
A, =area of the total tensile reinforcement,
A = area of the tensile reinforcement for a
singly reinforced.section for M, .,
and

A= A f1087f,

G-2 FLANGED SECTION

G-2.1 For x< D, the moment of resistance may be
calculated from the equation given in G-1.1.
G-2.2 The limiting value of the moment of resistance

of the section may be obtained by the following
equation when the ratio D, / d does not exceed 0.2 :

X X,
Mu=0.36—‘%(1—0.42 “-("1““ ) fuy by d?

+0.45 fck(bf-bw)Df( f%)

where
M, x, ... dandf, are same as in G-1.1,
b, = breadth of the compression face/flange,
b,, = breadth of the web, and
D, = thickness of the flange.
G-2.2.1 When the ratio D,/d exceeds 0.2, the moment

of resistance of the section may be calculated by the
following equation :

M, 03622 ) gy Tems | e p o
d T
X5
+ 0.45 f;:k (bf _bw)yf (d—"z—)

where y, = (0.15 x, + 0.65 D,), but not greater than
D,, and the other symbols are same as in G-1.1
and G-2.2.

G-23 Forx, .. > %> D,, the moment of resistance
may be calculated by the equations given in G-2.2
when D,/x, does not exceed 0.43 and G-2.2.1 when
D/x, exceeds 0.43; in bothi cases substituting x_.
by x,.
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