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Material Properties
Characteristic strength of concrete (insitu topping), fey top / fektop | fe,td 45 ‘v 35 ‘v N/mm?
Characteristic strength of concrete (precast beam), f., / fo | f¢' 55 ‘v 45 ‘v N/mm?
Note require f., = 40N/mm? (pre-T) cl.4.1.8.1 BS8110, < 105N/mm? HSC; |
Characteristic strength of concrete at transfer (precast beam), f. / fci" 45 F‘ 35 ‘v N/mm?
Note require f,; = 25N/mm? cl.4.1.8.1 BS8110;
Yield strength of longitudinal steel, f, Higher ¥ | 500 ¥ IN/mm?
Yield strength of shear link steel, f,, Higher |¥|500  |¥ N/mm?
Elastic modulus of reinforcement steel, E, 200,000 N/mm?
Type of concrete and density, pc Normal Weight 25kN/m3 t‘ 25/kN/m?
ULS Load Combination Factors ‘ EC2 v
DL+SDL [G] and LL [Q] factors for ULS, kg and kq D
British Standards [BS8110-1:1997] 1.40 1.60 cl.2.4.3.1.1
Indian Standards [IS456:2000] ‘ 1.50 1.50 T.18
European Standards [EN1990:2002] 1.35 1.50 cl.6.4.3.2
American Standards [ASCE7-16] | 1.20 1.60 cl.2.3.1
Australian Standards [AS1170.0:2002] 1.20 1.50 cl.4.2
Section Dimensions and Reinforcement [Stage 1: Precast Simply-Supported]
Slab insitu depth, insitug, 100|{mm feutop / Tk,
Beam (precast) width, b,,; = b, 850/mm fed
Beam (precast) depth, h; 900|mm
Cover, coverpy (usually 35 (C35) or 30 (C40) internal; 40 external) 25/mm
Sag steel reinforcement diameter, ¢y ‘25 ‘v mm
Sag steel reinforcement number, ny 21
Sag steel area provided, A caq.prov = Ne1.T.0p /4 10308 [k
Number of layers of sag steel, Nj,yers sag1 ‘ 3|layer(s)
Spacer for sag steel, s, s5q1 (= MAX (¢¢1, 25mm)) 32/mm “
Shear link diameter, ¢ink 16 ‘ v mm
Number of shear links in a cross section, i.e. number of legs, N 6
Area provided by all shear links in a cross-section, A, prov = T.0jink/4-Nieq mm?
Pitch of shear links, S 250/ mm
Eff. depth to sag steel, dsagl = hl - COVerpot1 = Plink - [¢t1+(nlayers,sagl'1)(¢t1+sr,sagl)] 790 mm
Eff. depth to sag prestress strands, d,g; 683|mm
Section Dimensions [Stage 2: Insitu]
Beam (comp.) width, b,, = b, 850/mm
Beam insitu depth, insitupeam 300/mm
Beam (comp.) depth, h, = h; + insitupeam 1200 /mm
Cover, covergp, (usually 35 (C35) or 30 (C40) internal; 40 external) 25/mm
Add cover to hog steel (due to transverse steel layer(s)), coveraq ¢ 35/ mm
Hog steel reinforcement diameter, ¢y ‘32 ‘v mm
Hog steel reinforcement number, ny, 9
Hog steel area provided, A nog.prov = Ne2-T.0p /4 mm? eq
Number of layers of hog steel, Njayers hog2 ‘ 2|layer(s)
Spacer for hog steel, s pog2 (2 MAX (¢rz, 25mm)) 32/mm O
‘ ‘ ‘ strand
Eff. depth to sag Steell dsagZ = h2 - COVerpoty - ¢Iink B [¢t1+(nlayers,sagl'1)(¢t1+sr,sagl)] 1090 mm
Eff. depth to hog steel, dpog2 = h, - covergp, = MAX(iink, COVEragqe) - [dF (Niayers,n 1092 |mm
Eff. depth to sag prestress strands, dps, 983 |mm
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Detailing Instructions
\ \
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fop | fetop’ =|45 ¥ |35 w |topping b, =| 850 mm insitugzp = 100 mm
[ fa | fc' =55 w |45 w precast h; =| 900 mm iNSitUpeam =| 300 mm
fa/ fa' =|45 v |35 ¥ \transfer h, =| 1200 mm | nib, =/ 200 mm
f, / f,v =|500 ¥ | 500 ¥ \rebar cover =/ 25 mm nib, = 295 mm
Assagprov =| 21 no. |25 ¥ rebarin 3 layers @ 32 mm spacer 1.01%
As hog.prov =| 9 no. 32 ¥ rebarin 2 layers @ 32 mm spacer 0.71%
Agy prov = 6 no. 16 ¥ shear link ‘ legs ‘ @ 250 mm pitch
stage 2 support conditions = 0 0 € pa
code based deflection check = Include ¥
shear force reduction to critical section = Full Shear at Support v‘
shear capacity enhancement distance, a, = 200d ¥
internal or edge beam for by, calculation = Internal Beam ﬂ
precast concrete beam total weight for erection = 0 tonnes
precast concrete beam sag RC or PT = PT v PT
strand short-term losses = 5.0/% strand jacking % = 75.0|%
strand long-term losses = 15.0/% strand area, A = 140.00/ mm?
‘ elastic modulus of prestress strand, E, = 195,000 /N/mm?
ult. (char.) tensile strength of prestress strand, f,, = 1,860 N/mm2
ult. (char.) tensile load of prestress strand, Fp = As.fp, = 50.4 [\
strand no., Ng = 8 8 4 0 4 24|strands
A =3INo.A = 1120 1120 560 0 560 Ji] mm?
‘ Ps = 1484 1484 742 0 742 44 kN
Ocp,st = “Pst/A1 = -1.7 -1.7 -0.8 0.0 -0.8 o] N/mm?
| Pe=| 1328 1328 664 0 664 984 [
Ocp,It = ‘P|t/A1 = -1.5 -1.5 -0.8 0.0 -0.8 4 N/I’]’]m2
Zstrands,1,0 (from bot.) = 50 100 150 200 850 mm
C., es = Zstrandslllb'xcl = '360 '310 '260 ‘210 440 mm
Mpr,st = Pst-€s = -534 -459 -193 0 327 Al kNm
Mprit = Pr€&s =| -478 -411 -172 0 292 69 L0l
no. debonded, Ngq4p = 2 0 0 0 0 2|strands
| Py =| 371 0 0 0 0 KN
Ocp,st,db = 'Pst,db/Al = -0.4 0.0 0.0 0.0 0.0 0.4 N/mm2
Mer,st,db = Pst,db-€s = -133 0 0 0 0 kNm
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Utilisation Summary
Precast beam sag section ductility OK OK OK
Precast beam sag steel area provided
Precast beam hog tensile stress limit 37% 38% 35% 38% 32%
Precast beam sag prestress moment cap. 56% 58% 55% 43% 46%
Precast beam ultimate shear stress 23% 31% 17% 24% 15%
Precast beam design shear links area 20% 25% 21% 17% 19%
Precast beam design shear resistance 36% 45% 21% 40% 18%
Precast beam deflection (code based)
Comp. beam sag section ductility ‘ OK OK OK
Comp. beam sag steel area provided
Comp. beam sag tensile stress \ 71% 79% 62% 57% 59%
Comp. beam sag prestress moment cap. 95% 88% 91% 77% 80%
Comp. beam hog section ductility \ OK OK OK OK OK
Comp. beam hog steel area provided 97% 93% 91% 90% 91%
Comp. beam ultimate shear stress\ 55% 70% 40% 61% 33%
Comp. beam design shear links area 51% 70% 48% 56% 43%
Comp. beam designh shear resistance 72% 87% 40% 82% 77%
Comp. beam deflection (code based)
Precast beam deflection (first principles) 9%
Comp. beam deflection (first principles) 12%
Precast and comp. beam misc. checks OK
» 400 2N Yo [
Longitudinal shear between web and flange 100% 07 %
Longitudinal shear within web 51% % %
Stage 1 beam area, A, D0 % cm?
Stage 1 beam inertia, I, D0 % x10% cm?
Stage 1 beam top section modulus, Z; D0 % x10% mm?
Stage 1 beam bottom section modulus, Zy; D0 % x10% mm?
Stage 2 beam area, A cm?
Stage 2 beam inertia, I, x10% cm*
Stage 2 beam top section modulus, Z,, x10%* mm3
Stage 2 beam bottom section modulus, Z,, x10% mm?3
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Loading and Structural Analysis [Stage 1: Precast Simply-Supported]
Code of practice for presentation of ULS load combination factors ‘ EC2 v
Beam span, L, 9.400|m
Tributary width (inc. precast slab clear span), t, 9.150m
DL of inc. precast slab (pressure load), DLy 5.71 kPa
DL of inc. precast slab insitu topping (pressure load), DL 2.50|kPa
Note DL of inc. precast slab insitu topping (pressure load), DL ,, = inSitu gzp. p¢
SLS slab loading (pressure load), SLS¢jap1 = DLgjap+DLiop 8.21 |kPa
DL of precast and wet beam (line load), DLpeam = (%byi.hi+by1.inSitupeam)-pe 25.5/kN/m
DL of precast beam nibs (line load), DL, = 2.niby.niby.p. ‘ 3.0|kN/m
DL of precast beam incl. nibs (line load), DLprecastbeam 100% kN/m
Note DL of precast beam incl. nibs (line load), DL precastbeam = Dwi-h 1. pc+DL qp
DL of inc. precast slab and topping concrete (line load), DLrecastsiab+topping kN/m

Note DL of inc. precast slab and topping concrete (line load), DL precastsiab+topping = D w1 -INSItU peam » pc +SLS sjap1 -t ws

SLS beam loading (line load), wg 51 03.6 1\l
Note wgs; = SLS gaps -t wi +DL peam +DL pyp

ULS beam loading (line load), oy.s1 ‘K3 kN/m
Note wysy = kG'SLSSIa'bl 'twl +k6.DL beam +kG.DL nib

Beam top TLS stress at beginning of stage 1 (comp. -ve), oy 1is N/mm?
Note oi,ms = (-Pst/A1)-(-Psyav/A1) - (Mprse-Mprstan )/ Z a1

Beam unpropped or propped ? Unpropped V‘

Beam ULS sag bending moment, My 54 kNm
Note M qog = 0.125. 0 yys;.L 4 2 (if unpropped only)

Beam SLS sag bending moment, My g 515 ‘ kNm

Note M ; 5,4 5.5 Calculated as per M ; .., but without load combination factors, plus the addition of M pr ;.

Beam bottom SLS stress at end of stage 1 (comp. -ve), o155

N/mm?

Note opisis = -Pi/A1 + Misagsis/Zbi ‘ ‘

Note beam bottom stress at end of stage 1 results from prestressing,

DL of precast beam including nibs

and dead load of precast slab and topping concrete.

Beam ULS shear force, V; = 0.5.0y.51.L4 (if unpropped only)

kN




Note MZ,saq = kDLISDL,saq- @D yLs1 -L22 (if propped only) + kDLISDL,saq-kG-[SDLs/ab-tw2 +SDL beam]-LZ2
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Loading and Structural Analysis [Stage 2: Insitu]
Code of practice for presentation of ULS load combination factors ‘ EC2 v
Beam span, L, 10.000/m
Tributary width (grid to grid), t.» 10.000/m
SDL on slab (pressure load), SDLgp 4.00 kPa
SDL on beam (line load), SDLyeam | 0.0 kN/m
SDL on beam (midspan point load), SDLpgint 0.0 kN
LL on slab (pressure load), LLy., [With pattern loading] 15.00 kPa
SLS beam loading (line load), wg.s HkN/m
Note wgis; = (SDL giap +LL gap ).t w2 +SDL peam
ULS beam loading (line load), oy.s> * Bl KN/m
Note D ysy = (kG .SDL slab +kQ LL slab)-th +kG .SDL beam
Beam ULS sag bending moment, M, qaq Continuous Internal Span - XA kNm

+ kSDL,p,saq-kG-[SDLpoint]-LZ + kLL,saq-kO-[Lleab-tWZ.]-LZZ

‘ ‘ ‘ kDLlSDL,sag kSDL,p,sag k LL,sag
Continuous Internal Span 0.046 0.125 0.086
Continuous End Span 0.078 0.170 0.100
Simply-Supported 0.125 0.250 0.125

Beam SLS sag bending moment, M; ¢5q.s15 ‘ kNm

Note M ;.55 Calculated as per M, 5,4 but without load combination factors.

Beam bottom SLS stress stage 2 loading (comp. -ve), ouz515

Note opzsis = Mzsag,s15/Z b2 ‘

Beam bottom SLS stress at end of stage 2 (comp. -ve), o155 + Ob2,s

Beam total ULS sag bending moment, My ¢;q+M; cag

Beam ULS hog bending moment, M, .4

Continuous Internal Span

1111

Note M 300 = KpLispihog- @uis-L 2° (if propped only) + K piispihog -K 6 -[SDL siab -t wz +SDL peam J-L 2°

N/mm2

N/mm2

kNm

kNm

2
+ kSDL,p,hoq -kG [SDL point]-L 2 + kLL,hoq -kO [LL slab -tw2]-L 2
‘ ‘ ‘ kDLlSDL,hog kSDL,p,hog kLL,hog
Continuous Internal Span 0.083 0.125 0.111
Continuous End Span 0.105 0.161 0.120
Simply-Supported 0.040 0.040 0.040
\ \ \
L T
Load All spans loaded Live load (sequence of loaded spans
B (e.g. dead load) to give max. bending moment)
| 0.125 0.125
| : A 0096 & 009 A
A A A
- 0.070 % 0070 [0.100)  [0.100)
= 0.117 0.117
— = 0.100 0.100 L0101 & 0075 & o101 A
|| 'E A 0080 % 0025 & o0 4
R [0.107} [0.071] [0.107]
I - (0.116) (0.107) (0.116)
= . “'107 Of__” 0.:07 0.121 0.107 0.121
- £ R X ] . 5 A F Y A
E 0.077 0.036 0 036‘ 0.077 0.083 0.099 0.081 4 0081 4 009 A
|| 070 [0.105} [0.079) [0.079]  10.105]
0.105 0 Aoi 0279 0105 . {0.106) ; ©116)
| 0.033 0.046 0.033 0.078 0.120 0.11 (o1 1| 0.120
| 0.100 0.079 40086 & 0079 4 0100 A

Beam ULS shear force, V,

Note V, = (0.5-0.6). wys;.L > (if propped on

/y) + (0.5‘0.6). @ yLs2 -

L ;+(0.5-0.6).(k 6.SDL point)

|

kN

Beam total ULS shear force, V;+V,

kN




Modified span / eff. depth ratio criteria = C;.C

2.{20.0}

Deflection utilisation
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Structural Design [Stage 1: Precast Simply-Supported]
Bending Design PT v PT
Beam ULS sag bending moment, My q,q 1601 |kNm
Stress coeff., My cuq/byidsagt’
Stress coeff., Keq: = My saq/Dwidsaqi feu < 0.156 [fo,<60N/mm?] | 0.12 Include ¥
Lever arm, Ze,qr = dsag1.[0.5+(0.25-Kc,q1/0.9)°] < 0.95d,,q: cl.3.4.4.4
Sag steel req., Agcagr = M1 caq/(0.95f,.Z¢,q1), f,<460N/mm? cl.3.4.4.4
Sag steel prov., A cag,prov ‘ N/A|mm?
Sag steel prov. utilisation, Agsag1 / As,sag,prov .
Hog tensile stress limit utilisation, [o 1is] / [Ot1,imit] 37% o
‘Tensile stress limit, o imie = 0.45Vfy 1A N/mm? cl.4.3.5.2
Sag prestress moment cap., ®My1,cag = fpb-Aps-(dps1-0.45x) 878 [\ cl.4.3.7.3
Ratio, fp,/0.95f,, = f,/0.95f,, 0.87 T.4.4
Ratio, x/d = x/dps; < 0.50 Include ¥ 0.41 | ok |
Ratio, fpe/fou = (Pst/Aps)/fou < 0.60 0.60
Ratio, [fouApsl/[feubd] = [fouAps]/[feubwidpsi] 0.20 cl.4.3.7.3
Sag prestress moment cap. utilisation, My sag / $My1,sag 56% “
Shear Design PT t PT
Eff. depth to sag [RC] or [PT], deffsags = dsag1 OF dps1 683/ mm
Beam ULS shear force, V, ‘ Full Shear at Support kN
Ult. shear stress, vy = Vi/byiefrsagt ‘ ‘ .3.4.5.2 Bd
Ult. shear stress utilisation, v / (0.8f,,°° & {5.0,7.03N/mm?)
Design shear stress, vq; = V1/by1dersagt N/mm?
Enh. shear strength, 2defsaa1/ay-Ve (< 0.8, & {5.0,7.03N/mm?) x 1.00 0.74|{N/mm? cl.3.4.5.8
Distance, a, ‘ ‘ ‘ ‘E.OOd v 1367 mm ote
pw = 100 {Ag sag,prov [RC] | Aps [PT1} / byi1defrsagt ‘ 0.58|% cl.3.4.5.4
RC v, = (0.79/1.25)(pufer/25)"(400/dgaq1)"*; pw<3; fou<80; (400/dgaq1)’ 0.7 [ cl.3.4.5.4
PT  |v. = (1-0.55f,o/f,,)(0.79/1.25)(pufe/25)3(400/dps;)Y* = 0.1VF.y; pu< cl.4.3.8.5
Minimum shear strength, v, = MAX(0.4,0.4(f.,/40)*®)N/mm?, f.,<80N/mm? JWEIN/mm? [.3.4.5.3 Bd
(Aev/S)1 > by iMAX[V,,(Va1-2defrsagi/av-Ve)1/(0.95f,, ), f, <46 0.96 0.84 T mm?/mm | ¢/.3.4.5.8,
Tried Agy prov/S ‘ ‘ ‘ ‘ e d mm?/mm
Veap: = (Asy,prov/S).(0.95f,,).defrsaqs + 2defisaqi/@yv-Ve- (Bwilefrsagt), fyy<460N/mm? 1872|kN cl.3.4.5.8,
Design shear links area utilisation, (As/S)1 / (Asy,prov/S) 20% O
Design shear resistance utilisation, Vy / Vap; 36% O
| |
Deflection Design (Code Based) RC
Span, L, N/AIm
Span, L, / eff. depth ratio, dgq1 .
Basic span / eff. depth ratio criteria = {20.0} . cl.3.4.6.3
Multiplier Cyrect or fianged | | N/A|Multiplier Cy 1> 10m Include ¥ N/A cl.3.4.6.3, cl.3.4
Modification factor for tension C, = 0.55+(477-f,)/[120(0.9+M/bd?)] < 2.0 . cl.3.4.6.5
M/bd? = M; cao/bwidsagt’ N/A N/mm? cl.3.4.6.5
fs = [ny-As,sagl/3As,sag,prov]-[1/Bb] N/A N/mmz cl.3.4.6.5

: cl.3.4.6.3, cl.3.4
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Structural Design [Stage 2: Insitu]

Bending Design PT

Beam ULS sag bending moment, M, qaq

Stress coeff., Mz,saq/b\,vzdsaqz2 ‘

Stress coeff., My caq/buidsagi’ + My saq/Dw2dsags’

Stress coeff., Kz = [My.caqtMa.sag]/bwalsagz feutop < 0.156 [feytop<60N/mm?] | O.

Lever arm, Ze,g2 = dsag2-[0.5+(0.25-K,,4/0.9)%°] < 0.95d.,4, cl.3.4.4.4
Sag steel req., Aqsagz = [Mi sag+Ma 6aq]/(0.95f,.Z¢o02), f,<460N/mm? cl.3.4.4.4
Sag steel prov., A cag,prov ‘ N/A|mm?
Sag steel prov. utilisation, Agsags / As,sag,prov .
Sag tensile stress limit utilisation, [op1,515+0b2,515] / [Ob2,limit] ; 71% o
‘Tensile stress limit, cpy jimie = 0.45Vfe, N/mm? cl.4.3.4.3
Sag prestress moment cap., ®Myz cag = fpb-Aps-(dps2~0.45x) S YRKNM cl.4.3.7.3
Ratio, fp,/0.95f,, = f,/0.95f,, 0.87 T.4.4
Ratio, x/d = x/dys; < 0.50 0.41 | ok |
Ratio, fpe/fou = (Pi/Aps)/fou < 0.60 0.60
Ratio, [fouBpsl/[feutopbd] = [fouPpsl/[feu topPw2dps2] 0.17 cl.4.3.7.3
Sag prestress moment cap. utilisation, [M; sag+M3 sag] / OMy2 sag 95% “
Beam ULS hog bending moment, M; noq 3129|kNm
Stress coeff., My noq/bwadhoqz’ ‘ N/mm?
Stress coeff., Knogz = M noa/bwadhoga’feu < 0.156 [f,,<60] | 0.120 [f,,<75] | 0.094 0.056 0
Lever arm, Zyoq = dhogz.[0.5+(O.25-Khogz/0.9)0'5] < 0.95dpoq2 019 [l cl.3.4.4.4
Hog steel req., Aqnogz = M2 nog / (0.95f,.Z1042), fy, < 460N/mm? 026 [nlnk cl.3.4.4.4
Hog steel prov., Agnog,prov ‘ 7238/ mm?
Hog steel prov. utilisation, As 1og2 / As hog,prov 97% o
Shear Design RC

Note Stage 2 shear design assumes top tension, irrespective of support condition

s, check Stage 1 capacity otherwis

thus check Stage 1 shear capacity if simply-supported at Stage 2; \

Beam ULS shear force, V, ‘ Full Shear at Support

Ult. shear stress, vy = Vao/byadhog2 ‘ ‘ ‘

Ult. shear stress utilisation, [V i +Vue] / (0.8f.,°° & {5.0,7.03N/mm?)

1480

kN

.3.4.5.2 BQ

Design shear stress, vg; = V,/by2dhog2 AN/mm?
Enh. shear strength, 2dyq»/a,.Ve (< 0.8f,,°° & {5.0,7.0¥N/mm?) x 1.00 0.76|N/mm? cl.3.4.5.8
Distance, a, ‘ ‘E.OOd v 2184 \mm
Pw = 100Aq nog prov/Bw2dhog2 | 0.78|% cl.3.4.5.4
RC  |v. = (0.79/1.25)(pufer/25)"(400/dnog2) s pw<3; feu<80; (400/dpoq2)’] WL N/mm? cl.3.4.5.4
Minimum shear strength, v, = MAX(0.4,0.4(f.,/40)*®)N/mm?, f.,<80N/mm? AN/ mm? [.3.4.5.3 BQ
(Asv/S)> > by aMAX[V,,(Vga-2dheg2/ay-Vc)1/(0.95f,), f,,<460 0.96 6 3] mm?/mm |cl.3.4.5.8,
Tried Agy prov/S ‘ ‘ ‘ ‘ e d mm?/mm
Veapz = (Asy,prov/S).(0.95f,,).drogz + 2dhoq2/ay-Ve. (byadhogz), fy<460N/mm? 3005(kN cl.3.4.5.8,
Design shear links area utilisation, [(As,/S)1 + (As/S)2] / (Asy,prov/S) 51% O
Design shear resistance utilisation, [V1+V5] / Veap2 72% O
| |
Deflection Design (Code Based) RC
Span, L, N/AIm
Span, L, / eff. depth ratio, dsag2 .
Basic span / eff. depth ratio criteria = {26.0,! Continuous Internal Span v . cl.3.4.6.3
Multiplier Cyrect or fianged | | N/A|Multiplier Cy i, 1om Include ¥ N/A cl.3.4.6.3, cl.3.4
Modification factor for tension C, = 0.55+(477-f,)/[120(0.9+M/bd?)] < 2.0 . cl.3.4.6.5
M/bd? = [M; caq+Ms caq]/Bu2dsags’ N/A N/mm? cl.3.4.6.5
fy = [2f,.As sag2/ 3As sag,prov]-[ 1/Bb] N/A|N/mm? cl.3.4.6.5

Modified span / eff. depth ratio criteria = C;.C,.{26.0,23.0,20.0}

Deflection utilisation

cl.3.4.6.3, cl.3.4
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| | | | | 5456
Structural Design [Stage 1: Precast Simply-Supported]
Bending Design PT v PT
Beam ULS sag bending moment, My q,q 1716 |kNm
Stress coeff., My cuq/byidsagt’ N/mm?
Stress coeff., Keqq: = My saq/Dwidsaqi feu < 0.148 [f,<250N/mm?] | 0.1]Include ¥ A A
Lever arm, Zg,qr = dsag1.{1.0-0.416[1.2-((1.2)%-6.68K¢,q1)° 1} < 0.95d.,q; Y mm te
Sag steel req., Assagi = My cag/(0.87f,.Z5aq1) .Y mm?
Sag steel prov., A cag,prov ‘ N/A|mm?
Sag steel prov. utilisation, Agsag1 / As,sag,prov .
Hog tensile stress limit utilisation, [o 1is] / [Ot1,imit] 38% o
‘Tensile stress limit, o jimit = 3.00N/mm? )[1B N/mm? P4.2.1 IS13
Sag prestress moment cap., dMy1 sag = {Fes,t/Fc,c)-{dps1-0.42x} g kNm P3.1.2 IS1
‘Depth of neutral axis, x [x/dps; < 0.60] ‘ Include W 323/mm O
Strand tensile strain, e; st = epstten,st = [Pst/Apsl/Ep+[(dpsi-X)/X].6cy, 8,=0.0035 0.0107 cl.23.1.1 IS13
Strand tensile stress, ot = &st.Ep fOr g5+ < 1.0.f,,/1.15/E,, else 1.0.f,,/1.15 1617 |N/mm? 23.3 15134
Strand tension, Fy s+ = oyst.Aps | Conc. comp., F . = 0.36f,.b,1.X 434 434 4\ P3.1.1 IS13]
Sag prestress moment cap. utilisation, My sag / $My1,sag 58% o
Shear Design PT t PT
Eff. depth to sag [RC] or [PT], deffsags = dsag1 OF dps1 683/ mm
Beam ULS shear force, V, ‘ Full Shear at Support
Ult. shear stress, vy = Vi/byiefrsagt ‘ ‘
Ult. shear stress utilisation, v / (0.62f.,%° & 4.0N/mm?)
Design shear stress, vq; = V1/by1dersagt JIN/mm?
Enh. shear strength, 2defrsaa1/ay.Ve (< 0.62f,,°° & 4.0N/mm?) x 1.00 0.74|{N/mm? cl.40.5.1
Distance, a, ‘ ‘ ‘E.OOd v 1367 mm ote
pw = 100 {Ag sag,prov [RC] | Aps [PT1} / byi1defrsagt ‘ 0.58|% cl.40.2.1
RC  |v. = 0.85k(0.8f.)"?[(1+5p)"*-11/6p; B=0.8f.,/(6.89p,)=1; puw<3; fu 0.7 [T cl.40.2.1
PT  |v. = (1-0.55f,./f,,)0.85(0.8f,)/?[(1+5p)"/?~1]/6p > 0.1Vf.,; p=0.8f.y D3.4.2 1S13
Minimum shear strength, v, = 0.4N/mm? ‘ LA N/mm? [c.26.5.1.6
(Aev/S)1 > by iMAX[V,,(Va1-2defrsagi/av-ve)1/(0.87f,,), f,y<41 D. 9 mm?/mm {0.4, cl.40.}
Tried Agy prov/S ‘ ‘ ‘ ‘ e d mm?/mm
Veap: = (Asy,prov/S).(0.87F,1).efrsaqs + 2desisaqi/@yv-Ve- (Bwilefrsagt), fyy<415N/mm? 1621 |kN 10.4, cl.40.]
Design shear links area utilisation, (As/S)1 / (Asy,prov/S) 25% O
Design shear resistance utilisation, Vy / Vap; 45% O
| |
Deflection Design (Code Based) RC
Span, L, N/AIm
Span, L, / eff. depth ratio, dgq1 i
Basic span / eff. depth ratio criteria = {20.0} . cl.23.2.1
Multiplier Cyrect or fianged | | N/A|Multiplier Cy 1> 10m Include ¥ N/A cl.23.2.1
Modification factor for tension C, = 1/[0.225+4+0.003f;+0.625l0g1¢(pw)] < 2.0 i cl.23.2.1
Pw = 100A cag,prov/Dwidsagt N/A| % cl.23.2.1
fy = 0.58f,.[As sag1/As sag,prov] N/AN/mm?* cl.23.2.1
Modified span / eff. depth ratio criteria = C;.C,.{20.0} . cl.23.2.1




Deflection utilisation

CONSULTING |Engineering Calculation Sheet Job No. Sheet No. Rev.
ENGINEE R S|Consulting Engineers XXX 9
‘ Member/Location
Job Title |Structure, Member Design - Precast Concrete Frame, Bea|P' Re!
Structure, Member Design - PC Frame, Beam and Slab Madeby () |Date 2/10/2026 |
| | | 5456
Structural Design [Stage 2: Insitu]
Bending Design PT v PT
Beam ULS sag bending moment, M, qaq 2211|kNm
Stress coeff., My caq/bu2dsags’ ‘ N/mm?
Stress coeff., My caq/buidsagi’ + My saq/Dw2dsags’ “AN/mm?
Stress coeff., Kego = [M1.caqtMa saq]/bwadsagz Feutop < 0.148 [f,<250N/mm?] | 0.1 A .
Lever arm, Ze,qg2 = dsag2-{1.0-0.416[1.2-((1.2)%-6.68K¢,52)°°1} < 0.95d.,q2 Y mm te
Sag steel req., Agsag2 = [M1,sagtM2,5ag]/(0.87f,.Z5ag2) .Y mm?
Sag steel prov., A cag,prov ‘ N/A|mm?
Sag steel prov. utilisation, Agsags / As,sag,prov .
Sag tensile stress limit utilisation, [op1,515+0b2,515] / [Ob2,limit] ; 79% o
13 [ Tensile stress limit, oyyime = 3.00N/mm? | JAN/mm?  P4.2.11S13
Sag prestress moment cap., dMyz sag = {Ftst/Fc,c)-{dps2-0.42X} 4443 4 P3.1.2 IS1
‘Depth of neutral axis, x [x/dps; < 0.60] ‘ 395/ mm O
Strand tensile strain, sq st = €pstten,st = [Pi/Apsl/Ep+[(dpsa-X)/X].ecy, £,=0.0035 0.0113 cl.23.1.1 IS13
Strand tensile stress, ot = &st.Ep fOr g5+ < 1.0.f,,/1.15/E,, else 1.0.f,,/1.15 1617 |N/mm? 23.3 15134
Strand tension, Fy st = orst.Aps | Conc. comp., Fo . = 0.36f, top.byz.X 434 434 4\ P3.1.1 IS13]
Sag prestress moment cap. utilisation, [M; sag+M3 sag] / OMy2 sag 88% O
Beam ULS hog bending moment, M; noq 2996 | kNm
Stress coeff., My noq/bwadhoqz’ ‘ I N/mm?
Stress coeff., Knogz = M nog/Bwadhoga feu < 0.148 [f,<250] | 0.138 [f,<415] | 0.13 0.054 0
Lever arm, Zpogz = dpogz-{1.0-0.416[1.2-((1.2)?-6.68K},052)° 1} < 0.95d 042 019 [l e
Hog steel req., Agnog2 = Manog / (0.87fy.Z10g2) 6756 [k
Hog steel prov., Agnog,prov ‘ 7238/ mm?
Hog steel prov. utilisation, As 1og2 / As hog,prov 93% o
|
Shear Design RC
Note Stage 2 shear design assumes top tension, irrespective of support conditions, check Stage 1 capacity otherwis
Beam ULS shear force, V, Full Shear at Support 1425|kN
Ult. shear stress, vy = Vao/byadhog2 ‘ ‘
Ult. shear stress utilisation, [V +Vur] / (0.62f.,%° & 4.0N/mm?)
Design shear stress, vg; = V,/by2dhog2 A N/mm?
Enh. shear strength, 2dyq»/a,.Ve (< 0.62f..%° & 4.0N/mm?) x 1.00 0.61|N/mm? cl.40.5.1
Distance, a, ‘ ‘E.OOd v 2184 mm ote
Pw = 100Aq nog prov/Bw2dhog2 | 0.78|% cl.40.2.1
RC  |v. = 0.85k(0.8f.)"?[(1+5p)"*-11/6p; B=0.8f.,/(6.89p,)=1; puw<3; fu T3 B N/mm? cl.40.2.1
43 | |
Minimum shear strength, v, = 0.4N/mm? LA N/mm? [c.26.5.1.6
(Asv/S)> > by aMAX[V,,(Vgr-2dheg2/ay.v)1/(0.87f,), f,,<415 D. 9 mm?/mm {0.4, cl.40.}
Tried Agy prov/S ‘ ‘ ‘ ‘ e d mm?/mm
Veapz = (Asy.prov/S).(0.87f,1).hogz + 2dhoq2/ay-Ve. (byadhogz), fy<415N/mm? 2471 |kN 10.4, cl.40.]
Design shear links area utilisation, [(As,/S)1 + (As/S)2] / (Asy,prov/S) 70% O
Design shear resistance utilisation, [V1+V5] / Veap2 87% O
| |
Deflection Design (Code Based) RC
Span, L, N/AIm
Span, L, / eff. depth ratio, dsag2 .
Basic span / eff. depth ratio criteria = {26.0,! Continuous Internal Span v . cl.23.2.1
Multiplier Cyrect or fianged | | N/A|Multiplier Cy i, 1om Include ¥ N/A cl.23.2.1
Modification factor for tension C, = 1/[0.225+4+0.003f;+0.625l0g1¢(pw)] < 2.0 i cl.23.2.1
pw = 100A; cag,prov/Dw2dsag2 N/A| % cl.23.2.1
fs = 0.58f,.[As sag2/As,sag,prov] N/A|N/mm? cl.23.2.1
Modified span / eff. depth ratio criteria = C;.C,.{26.0,23.0,20.0} . cl.23.2.1




Job No. Sheet No. \ Rev.

CONSULTING |Engineering Calculation Sheet
ENGINEE R S|Consulting Engineers FXXX 10

‘ ‘ ‘ Member/Location

Job Title |Structure, Member Design - Precast Concrete Frame, Bea|P' Re!
Structure, Member Design - PC Frame, Beam and Slab Madeby () |Date 2/10/2026 |

| | | | | EC2
Structural Design [Stage 1: Precast Simply-Supported]

Bending Design PT v PT
Beam ULS sag bending moment, My q,q 1544 |kNm
Stress coeff., My cuq/byidsagt’
Stress coeff., Keg: = My caq/Dwidsagi foc < 0.167 [f <50N/mm?] Include ¥
Lever arm, Ze,qr = dsag1.[0.5+(0.25-Kc,q1/1.134)°] < 0.95d.,q;
Sag steel req., Ascagr = My sag/(0.87f,.25g1)
Sag steel prov., A cag,prov ‘ N/A|mm?
Sag steel prov. utilisation, Agsag1 / As,sag,prov A

4.4.1 Mosld

Hog tensile stress limit utilisation, [o 1is] / [Ot1,imit] 35% o

13 ‘Tensile stress limit, oy jimit = 0.72fyym = 0.72{f4'<50:0.3f N/mm? 5.8.2 TR.4

Sag prestress moment cap., ®My1 cag = {Fes,t/Fc,cr-{dpsi-A.X/2} 90 [\ 3.1.6, cl.3.
‘Depth of neutral axis, x [x/dps; < 0.50] ‘ Include W 282/mm O

Strand tensile strain, eq st = gpstten,st = [Pst/Apsl/Ept[(dpsi-X)/X].6cy3 | Include ¥ 0.0118 o

Strand tensile stress, o = &tst.-Ep fOr g5 < K.F,0/vs/Ep, €lse K.fpu/vs 1456 |N/mm? cl.3.3.6

Strand tension, Fy st = o st.Aps | Conc. comp., Fe o = . (oce-fo/ve) -Dwi- 489 4891 [Q\ 3.1.6, cl.3.1

Sag prestress moment cap. utilisation, My sag / $My1,sag 559% o

Shear Design PT v PT

Eff. depth to sag [RC] or [PT], deffsags = dsag1 OF dps1 683/ mm

Beam ULS shear force, V, ‘ Full Shear at Support kN

Ult. shear stress, vy = Vi/byiefrsagt ‘ ‘ ‘
Ult. shear stress utilisation, Vi1 / (Vrd max(e=45=0.18(1-f4/250).f, f4<50N/mm?

N/mm? 3(3), cl.3.1

Design shear stress, vq; = V1/by1dersagt N/mm?

Enh. shear strength, 2dgfsaqi/ayv-Vrd.c (< Vrd maxco=a5y=0.18(1-f,/250).1  x 1.00 1.13|N/mm? cl.6.2.3(8)
Distance, a, ‘ ‘ 2.00d v 1367 mm ote
pw = 100 {As cag,prov [RC] | O [PT]} / by1dettsagr 0.00|% cl.6.2.2(1)

RC  |Vrac = Crac-K(pufe) > +Ky1.Gcp 2 Vinin+Ky.Gep; Vimin=0.035k> %, 0%, N/mm? C"°')‘-41
PT  |k,;=0.15, f, <50N/mm?; Cgqy=0.18/y.=0.12; o321 209

Minimum shear strength, v, = 0.08/y..fo>>’N/mm?, v.=1.15, f, <50N/mm? YA N/mm? 2(5), cl.3.]

(Asv/S)1 > by iMAX[V,,V41/(0.9.cotB)/(2defrsaq1/ay)1/(0.871,, ] D.9 D.99 ' mm?/mm  [cl.6.2.3(8)

Tried Agy prov/S ‘ ‘ ‘ ‘ e d mm?/mm

Veapt = 2deftsag/Av- (Asy prov/S)-(0.87f,,).0.9drsaq1-COH, fWSGOON/mm2 3195|kN cl.3.4.5.8,

Design shear links area utilisation, (As/S)1 / (Asy,prov/S) 21% o

Design shear resistance utilisation, Vy / Vap; 21% O
| |

Deflection Design (Code Based) RC

Span, L N/AIm

Span, L, / eff. depth ratio, dgq1 .

Basic span / eff. depth ratio criteria, {L/des}basic = F{K,Preq,1/fck} . cl.7.4.2

Multiplier Fy rect or flanged ‘ ‘ N/A‘Multiplier F2,157m Include ¥ N/A cl.7.4.2

Modification factor for tension F; = 310/c; < 1.5 i cl.7.4.2
Preqs = 100Aq cag 1/byidsags | N/A|% cl.7.4.2
os = 310.(f,/500).[As sag1/As,sag,prov]- [ 1/Bb] N/A|N/mm? cl.7.4.2

Modified span / eff. depth ratio criteria = F;.F,.F5.{L/def}pasic A

Deflection utilisation -
|




Stress coeff., Mz,saq/b\,vzdsaqz2 ‘

Stress coeff., My caq/buidsagi’ + My saq/Dw2dsags’

Stress coeff., Kegz = [M1.caqtMa.sag]/bwalsagz fertop < 0.167 [foy top<50N/mm?]

Lever arm, Ze,qg2 = dsag2-[0.5+(0.25-K,,q2/1.134)°] < 0.95d.,4>

Sag steel req., As,sagZ = [Ml,sag+MZ,Sag]/(O-87fy-Zsagz)

Job No. Sheet No. Rev.
CONSULTING |Engineering Calculation Sheet |

ENGINEE R S|Consulting Engineers XXX 11

‘ Member/Location
Job Title |Structure, Member Design - Precast Concrete Frame, Bea|P' Re!
Structure, Member Design - PC Frame, Beam and Slab Madeby () |Date 2/10/2026 |
| | | EC2

Structural Design [Stage 2: Insitu]
Bending Design PT v PT
Beam ULS sag bending moment, M, qaq 2183 |kNm

4.4.1 Mosld

Sag steel prov., A cag,prov ‘ N/A|mm?

Sag steel prov. utilisation, Agsags / As,sag,prov .

Sag tensile stress limit utilisation, [op1,515+0b2,515] / [Ob2,limit] ; 62% o

-2 ‘Tensile stress limit, opy jimit = 0.72f¢m = 0.72{f,<50:0.3f4 118 N/mm? 5.8.2 TR.4

Sag prestress moment cap., ®Myz cag = {Fes,t/Fc,cr-{dps2-2.X/2} 4100 1 3.1.6, cl.3.
‘Depth of neutral axis, x [x/dps; < 0.50] ‘ 363'mm O

Strand tensile strain, eq st = gpstten,st = [Pit/Aps]/Ept[(dpsa-X)/X].ecu3 < 0.02 0.0121 O

Strand tensile stress, o = &tst.-Ep fOr g5 < K.F,0/vs/Ep, €lse K.fpu/vs 1456 |N/mm? cl.3.3.6

Strand tension, Fy st = otst-Aps | Conc. comp., Fec = M. (0cc-Fek top/Ve) b 489 4891 [Q\ 3.1.6, cl.3.1

Sag prestress moment cap. utilisation, [M; sag+M3 sag] / OMy2 sag 91% o

Beam ULS hog bending moment, M; noq 2946 kNm

Stress coeff., My noq/bwadhoqz’ ‘ I N/mm?

Stress coeff., Knogz = M noa/bwadhogafek < 0.167 [f <50] D.06 0

Lever arm, Zpogz = dnog2-[0.5+(0.25-Kp042/1.134)%°] < 0.95d}042 026 [ulyy 4.4.1 Mosld

Hog steel req., Asnogz = Mz hog / (0.87f,.Znog2) T I m?

Hog steel prov., Agnog,prov ‘ 7238/ mm?

Hog steel prov. utilisation, As 1og2 / As hog,prov 91% o

Shear Design

RC

Note Stage 2 shear design assumes top tension, irrespective of support condition

s, check Stage 1 capacity otherwis

Beam ULS shear force, V,

Ult. shear stress, vy = Vao/byadhog2 ‘

Full Shear at S

upport

Ult. shear stress utilisation, [Vyu+Vur] / (Vrd max(e=a5=0.18(1-f4/250).fy, f&=<5

1395

kN

N/mm?

3(3), cl.3.1

Modified span / eff. depth ratio criteria = F;.F,.F5.{L/def}pasic

Deflection utilisation

Design shear stress, vg; = V,/by2dhog2 IN/mm?
Enh. shear strength, 2d;,q2/ay-Vrd.c (< Vrd.maxto=457=0.18(1-f4/250).f, x 1.00 0.56{N/mm? cl.6.2.3(8)
Distance, a, ‘ ‘E.OOd v 2184 mm ote
Pw = 100Aq nog prov/Bw2dhog2 | 0.78|% cl.6.2.2(1)
RC  |Vpac = Crac-K(pufa) > +K1.6cp = VimintK1.66; Vinin=0.035k¥%, %%, k;=0 BT N/mm? 2(1), cl.3.1
Minimum shear strength, v, = 0.08/y..fo>>’N/mm?, v.=1.15, f, <50N/mm? YA N/mm? 2(5), cl.3.]
(As/S)> > by >MAX[v,,v4,/(0.9.cotb)/(2dnoq2/ay)1/(0.87f,,), D.9 mm?/mm |cl.6.2.3(8)
Tried Agy prov/S ‘ ‘ ‘ ‘ e d mm?/mm
Veap2 = 2dhog2/ay-(Asy prov/S).(0.87f,,).0.9d042.COLO, fy\,$6OON/mm2 5106|kN cl.3.4.5.8,
Design shear links area utilisation, [(As,/S)1 + (As/S)2] / (Asy,prov/S) 48% o
Design shear resistance utilisation, [V1+V5] / Veap2 40% O
| |
Deflection Design (Code Based) RC
Span, L, N/Am
Span, L, / eff. depth ratio, dsag2 .
Basic span / eff. depth ratio criteria, {L/de¢}p Continuous Internal Span v i cl.7.4.2
Multiplier Fy rect or flanged ‘ ‘ N/A‘Multiplier F2,157m Include ¥ N/A cl.7.4.2
Modification factor for tension F; = 310/c; < 1.5 i cl.7.4.2
Preq2 = 100Ag cag 2/buadsaga | N/A|% cl.7.4.2
os = 310.(f,/500).[As sag2/As sag,prov] - [ 1/Bb] N/A|N/mm? cl.7.4.2




Ult. shear stress, vy = Vi/byiefrsagt ‘

Ult. shear stress utilisation, vy / (¢(0.66+0.17 )N, $=0.75, f.'<70N/mm?)

Job No. Sheet No. Rev.
CONSULTING |Engineering Calculation Sheet |
ENGINEE R S|Consulting Engineers XXX 12
‘ ‘ ‘ Member/Location

Job Title |Structure, Member Design - Precast Concrete Frame, Bea|P' Re!
Structure, Member Design - PC Frame, Beam and Slab Madeby () |Date 2/10/2026 |

| | | | | ACI318
Structural Design [Stage 1: Precast Simply-Supported]
Bending Design PT v PT
Beam ULS sag bending moment, My q,q 1373 |kNm
Stress coeff., My ¢aq/0by1dsaqi’, $=0.90
Stress coeff., Ry caqi/fe’ = M1 saq/0bw1dsaqi fe's $=0.90
Net strain, ewaqr = 0.003(disag1/C-1) = 0.005, c=a/B1, a=A saq prov-fy/((Include ¥
Sag steel req., A saq1 = 0.85f'/f,.[1-V(1-2R, s2q1/(0.85f.'))]1.by1dcaq1, fy<550N/mr|
Sag steel prov., A cag,prov ‘ N/A|mm?
Sag steel prov. utilisation, Agsag1 / As,sag,prov .
Hog tensile stress limit utilisation, [o 1is] / [Ot1,imit] 38% o
-2 ‘Tensile stress limit, oy, iimit = 0.50+f' 06 N/mmz cl.24.5.3.2
Sag prestress moment cap., ®My1,cag = ¢.{Fes,t/Fc,ct-{dpsi-B1.¢/2}, $=C D.90 kNm .3.1.1, cl.2]

‘Depth of neutral axis, ¢ ‘ 256 mm
Strand tensile strain, eq st = epsttepst = [Pst/Aps]/Ep+[(dpsi-C)/Cl.ecy, £,=0.003 0.0118 cl.22.2.2.1
Strand tensile stress, oy s+ = &;¢.Ep fOr g5 < 0.0086, else f,;-0.276/(&,,-0.007) 1803 |N/mm? PCI
Strand tension, Fy s+ = o¢st.Aps | Conc. comp., F.. = B;.0.85f.".b,;.C 60 q kN [/,.22.2.2.4. ]
Sag prestress moment cap. utilisation, My sag / $My1,sag 43% o
Y
Shear Design PT t PT
Eff. depth to sag [RC] or [PT], deffsags = dsag1 OF dps1 683/ mm
Beam ULS shear force, V, ‘ Full Shear at Support kN

cl.22.5.5.1

Modified span / eff. depth ratio criteria = F,.F,

. F3 . { I—/deff}basic

Deflection utilisation

Design. shear stress, vq; = V1/by1deftsagt 58 N/mm?
Enh. shear strength, defsaar/ay-Ve (< $(0.66+0.17A)VF, $=0.75, f.'<7(_ x 1.00 0.70|N/mm? cl.9.4.3.2
Distance, a, ‘E.OOd v 683 /mm ote
RC Ve = $0.170f'; $=0.75; f.'<70N/mm? 0.70 [ 5.5.1, cl.22
PT Ve = ¢0.140f'; $=0.75; f.'<70N/mm? .22.5.8.3. 1
Minimum shear strength, v, = MAX(0.35,0.062Vf.)N/mm?, f.'<70N/mm? VIN/mm? p.2.2, cl.22
(Asv/S)1 > bwiMAX[Vy,(Va1-detrsagi/ayv-Ve)/ ¢/ (d/a,)1/fyy, $=0.] 0.84 0.8 JR:Z) mm’*/mm_p, ¢/.9.4.3.3
Tried Agy prov/S ‘ ‘ ‘ ‘ e d mm?/mm
Veapt = ¢defrsagi/av-(Asv,orov/S)-fyv-defrsags + deffsag1/ay-Ve: (Dwideftsag1), $=0.75, f,, <42 1448 |kN p.10.5.3, cl.
Design shear links area utilisation, (As/S)1 / (Asy,prov/S) 17% O
Design shear resistance utilisation, Vy / Vap; 40% O
| |
Deflection Design (Code Based) RC
Span, L, N/AIm
Span, L, / eff. depth ratio, dgq1 .
Basic span / eff. depth ratio criteria = {16.0} i cl.9.3.1.1
MU|tip“er Fl,rect or flanged N/A
Multiplier F3,1510m N/A
Modification factor for tension F; = 0.4+f,/700 : cl.9.3.1.1.1




Job No. Sheet No. Rev.
CONSULTING |Engineering Calculation Sheet |
ENGINEE R S|Consulting Engineers XXX 13
‘ Member/Location
Job Title |Structure, Member Design - Precast Concrete Frame, Bea|P' Re!
Structure, Member Design - PC Frame, Beam and Slab Madeby () |Date 2/10/2026 |
| | | ACI318
Structural Design [Stage 2: Insitu]
Bending Design PT v PT
Beam ULS sag bending moment, M, qaq 2285/kNm

Stress coeff., My caq/0by20sags’, $=0.90

Stress Coeﬂ:-l M1,sz-1q/(I)bw1dsagl2 + MZ,saq/¢bw2dsaq

22, $=0.90

Stress COEff., Rn,saqz/fc,top| = [Ml,saq+M2,saq]/¢bw2dsaq22fc,top'l ¢=090

Net strain, eiagx = 0.003(dsag2/C-1) = 0.005, c=a/B;, a=As saq,prov-fy/(0.85F top'bu2

Sag steel req., A saq2 = 0.85f 10p'/f, - [1-V(1-2R}, 6202/ (0.85f  10p'))].bw2dsaq2, fy<550I , 22.2.2.4.]

Sag steel prov., A cag,prov ‘ N/A|mm?

Sag steel prov. utilisation, Agsags / As,sag,prov .

Sag tensile stress limit utilisation, [op1,515+0b2,515] / [Ob2,limit] ; 57% o
‘Tensile stress limit, op jimit = 0.62f.' ‘ AN/mm? cl.24.5.2.1

Sag prestress moment cap., ®Myz cag = ¢.{Fes,t/Fc,ct-{dps2-B1.¢/2}, $=C D.90 4 kNm .3.1.1, cl.2]
‘Depth of neutral axis, ¢ ‘ 301 mm

Strand tensile strain, eq st = epsttepst = [Pi/Aps]/Ep+[(dps2-C)/Cl.6cy, €,=0.003 0.0129 cl.22.2.2.1

Strand tensile stress, ot = &ts,t.Ep fOr g5+ < 0.0086, else f,,-0.276/(s;,s-0.007) 1813 |N/mm? PCI

Strand tension, Fy st = o st.Aps | Conc. comp., F o = B1.0.85f ,p'.bys. 6509 5092 [\ [/,.22.2.2.4. ]

Sag prestress moment cap. utilisation, [M; sag+M3 sag] / OMy2 sag 77% o

Beam ULS hog bending moment, M; noq 3062 kNm

Stress coeff., My oq/dbw2dnoq2’, $=0.90 A N/mm? cl.21.2

Stress coeff., Ry nog2/fe' = Ma noa/0bw2dhog2’fe', $=0.90 0.0 cl.21.2

Net strain, egoqx = 0.003(dihog2/C-1) = 0.005, c=a/B1, a=Aq nhog.prov-fy/(0.85f'by>), 0.019 O

Hog steel req., Aqnoqz = 0.85f.'/f,.[1-V(1-2R, hog2/(0.85f."))].by2dhog2, fy<550N/mr 5 mm? , 22.2.2.4.

Hog steel prov., Agnog,prov ‘ 7238/ mm?

Hog steel prov. utilisation, As 1og2 / As hog,prov 90% O

Shear Design RC

Note Stage 2 shear design assumes top tension, irrespective of support conditions, check Stage 1 capacity otherwis

Beam ULS shear force, V, Full Shear at Support 1440 kN

Ult. shear stress, vy = Vao/byadhog2 ‘ ‘ ‘ cl.22.5.5.1

Ult. shear stress utilisation, [Vyu+Vye] / (¢(0.66+0.170)VF', $=0.75, f'<70N/m

Design shear stress, vg; = V,/by2dhog2 N/mm?

Enh. shear strength, dpoao/ay.Ve (< $(0.66+0.170)Vf., ¢=0.75, f.'<70N x 1.00 0.86|N/mm? cl.9.4.3.2
Distance, a, ‘E.OOd v 1092/mm ote

RC Ve = $0.170f'; $=0.75; f.'<70N/mm? EKIIN/mm?  p.5.1, cl.22

Minimum shear strength, v, = MAX(0.35,0.062Vf.)N/mm?, f.'<70N/mm? VIN/mm? p.2.2, cl.22

(Asv/S)Z > bWZMAX[Vrr(VdZ'dhogz/av-Vc)/(b/(d/av)]/fyvr ¢=O-7E D. 54 5O B8 mmZ/mm ;/ cl.9.4.3.4

Tried Asv,prov/S ‘ ‘ ‘ ‘ 4.8 mmz/mm

Veap2 = $dhoga/@v-(Asy prov/S)-fyv-Ahog2 + Ahoga/av-Ve. (Duadhog2), 0=0.75, f,,<420N/mr 2454 (kN b.10.5.3, cl.

Design shear links area utilisation, [(As,/S)1 + (As/S)2] / (Asy,prov/S) 56% o

Design shear resistance utilisation, [V1+V5] / Veap2 82% O

Deflection Design (Code Based) RC

Span, L, N/AIm

Span, L, / eff. depth ratio, dsag2 .

Basic span / eff. depth ratio criteria = {21.0,| Continuous Internal Span v . cl.9.3.1.1

MU|tip“er Fl,rect or flanged N/A

Multiplier F3,1510m N/A

Modification factor for tension F; = 0.4+f,/700 : cl.9.3.1.1.1

Modified span / eff. depth ratio criteria = F;.F,.F5.{L/def}pasic .

Deflection utilisation
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Structural Design [Stage 1: Precast Simply-Supported]
Bending Design PT v PT
Beam ULS sag bending moment, My q,q 1373 |kNm
Stress coeff., My ¢aq/0by10saq1’, $=0.85
Stress coeff., Ry caqi/fe’ = M1 saq/0bw1dsaqi fc', $=0.85
Neutral axis param., k, = a/(ydsag1) < 0.36, a=(As sag,prov-fy)/(02.f by Include ¥
Sag steel req., A saqr = 0.fc'/fy . [1-V(1-2R;, caq1/(02-fc))].by1dsaq1, ©2=0.85-0.0015
Sag steel prov., A cag,prov N/A|mm?
Sag steel prov. utilisation, Agsag1 / As,sag,prov .
Hog tensile stress limit utilisation, [o 1is] / [Ot1,imit] 32% o
‘Tensile stress limit, oy jimit = 0.60f' N/mm? cl.8.1.6.2
Sag prestress moment cap., ®My1,cag = ¢.{Fts,t/Fc,cf-{dps1-v.¢/2}, $=0. D. 8 IR KNmM cl.8.1.3
‘Depth of neutral axis, ¢ ‘ 237|\mm
Strand tensile strain, eq st = &pstten,st = [Pst/Aps]/Ep+[(dpsi-C)/Cl.ecu, £,=0.003 0.0125 cl.8.1.3
Strand tensile stress, oy s+ = &;¢.Ep fOr g5 < 0.0086, else f,;-0.276/(&,,-0.007) 1809 |N/mm? PCI
Strand tension, Fy s+ = o st.Aps | Conc. comp., Fe o = ay.f".byi.(y.C) 6079 5079 [\ cl.8.1.3
Sag prestress moment cap. utilisation, My sag / $My1,sag 46% o
, 22.2.2.4.3
Shear Design ‘ PT v PT
Eff. depth to sag [RC] or [PT], deftsagt = MAX {0.72h;, 0.9(dsaq1 OF dps1)} 648 /mm cl.8.2.1.9
Beam ULS shear force, V, ‘ Full Shear at Support kN
Ult. shear stress, vy = Vi/byiefrsagt ‘ ‘ cl.8.2.3.3
Ult. shear stress utilisation, v / (¢0.55[0.9fc‘(cot6/(1+cot26))], ¢=0.75, 6=29+
Design. shear stress, vq; = V1/by1deftsagt D6 N/mm2
Enh. shear strength, defeaqi/ay-Ve (< ($0.55[0.9f'(coto/(1+cot26))], ¢3  x 1.00 2.01|N/mm? cl.8.2.3.2
Distance, a, ‘ ‘ ‘E.OOd v 648 mm
E.A = {Es.As sag,orov [RC] | Ep.Aps [PT]} 655 |MN /.8.2.4.2.2
RC Ve = oky.Nf'; $=0.75; k,=[0.4/(1+1500¢,)]; f.'<65N/mm? '} N/mm? cl.8.2.4.2.1
PT gx = 0.000 < [|[MAX(M=0,V;.defrsag1)/deftsagi | +1V11-Aps.0.5f, 1/[2(E.A)]|  0.00000 cl.8.2.4.2.2
Minimum shear strength, v, = 0.08f,'N/mm? ‘ YA N/mm? cl.8.2.1.7
(Asv/s)l > bwlMAX[Vrr(Vd1'deffsag1/av-Vc)/COte/¢/(d/av)]/fyvr 0.5 D.00 0.5 mmZ/mm C/8232/
Tried Agy prov/S ‘ ‘ ‘ ‘ e d mm?/mm
Vcapl = ¢deffsagl/av-(Asv,prov/s)-fyv-deffsagl-COte + deffsagl/av-vc-(bwldeffsagl) 32241 kN C/-8-2-3-2/
Design shear links area utilisation, (As/S)1 / (Asy,prov/S) 19% o
Design shear resistance utilisation, Vy / Vap; 18% o
Deflection Design (Code Based) RC
Span, L, N/AIm
Span, L, / eff. depth ratio, dgq1 i
Basic span / eff. depth ratio criteria, A/Ls = {1/250} . cl.2.3.2(a)
‘ ‘ 3] Li/berd”, taken as—
Multiplier ky = Iet/Dwidsag (5-004£)p+0002<0.1/ 5 when p=0.001(£)"/ " N/A cl.8.5.4
‘ ‘ 0.055()" 1 p** —50p <0.06/ 7° when p<0.001(£)" 1 p*°
Multiplier k, = {5/384} | | | N/A cl.8.5.4
Modified span / eff. depth ratio criteria = [K;.(A/Les).byw1.Eo/(Kz.0s151)1> A cl.8.5.4
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Structural Design [Stage 2: Insitu]
Bending Design PT v PT
Beam ULS sag bending moment, M, qaq 2156|kNm
Stress coeff., My ¢aq/0by20saq2°, $=0.85 M N/mm? cl.2.2.2
Stress coeff., My ¢uo/0by1dsagt’ + Ma cag/0by2dsags’, $=0.85 HAN/mm? cl.2.2.2
Stress coeff., R saqa/fetop’ = [M1 sag+ M2 caql/0bwasags Fetop's $=0.85 cl.2.2.2
Neutral axis param., k, = a/(ydsag2) £ 0.36, a=(As sag,prov-fy)/(02.fc top' -bw2), y=0.97
Sag steel req., Assaqz = 02-ferop/fy-[1-V(1-2R ;) saq2/ (02 Fe top'))]-Buadsaga, 02=0.85-0 cl.8.1.3
Sag steel prov., A cag,prov ‘ N/A|mm?
Sag steel prov. utilisation, Agsags / As,sag,prov .
Sag tensile stress limit utilisation, [op1,515+0b2,515] / [Ob2,limit] ; 59% o

‘Tensile stress limit, opy jimi = 0.60Vf' ‘ 172 N/mm? cl.8.6.3
Sag prestress moment cap., ®Myz cag = ¢.{Fts,t/Fc,ct-{dps2-v.¢/2}, $=0. D.8 44 kNm cl.8.1.3

‘Depth of neutral axis, ¢ ‘ 291mm
Strand tensile strain, eq st = epsttepst = [Pi/Aps]/Ep+[(dps2-C)/Cl.6cy, €,=0.003 0.0132 cl.8.1.3
Strand tensile stress, oy s+ = &;¢.Ep fOr g5 < 0.0086, else f,;-0.276/(&,,-0.007) 1816|N/mm? PCI
Strand tension, Fy st = orst.Aps | Conc. comp., Fe o = ap.ftop'-bua.(v.C) 6100 5100 [\ cl.8.1.3
Sag prestress moment cap. utilisation, [M; sag+M3 sag] / OMy2 sag 80% o
Beam ULS hog bending moment, M; noq 2896|kNm
Stress coeff., My oq/0bw2dnoq2’, $=0.85 A N/mm? cl.2.2.2
Stress coeff., Ry nog2/fe' = Ma noa/0bw2dhog2’fe', $=0.90 0.0 cl.2.2.2
Neutral axis param., k, = a/(ydhog2) < 0.36, a=(As hog,prov-fy)/(02.fc'.by2), y=0.97-C ' O
Hog steel req., Aqnoqz = o2.fc'/fy. [1-V(1-2R}, hoga/ (02-fc"))]-byadhog2, 22=0.85-0.001! 6570 [k cl.8.1.3
Hog steel prov., Agnog,prov 7238/ mm?
Hog steel prov. utilisation, As 1og2 / As hog,prov 91% o
Shear Design RC
Note Stage 2 shear design assumes top tension, irrespective of support conditions, check Stage 1 capacity otherwis
Eff. depth to hog, defogz = MAX {0.72h;, 0.9dh0q2} | | 983/mm cl.8.2.1.9
Beam ULS shear force, V, ‘ Full Shear at Support 1365 kN

Ult. shear stress, vy = Va/byadefthog2 ‘ ‘ ‘

Ult. shear stress utilisation, [vy1+Vyrz] / (<|>0.55[0.9fc'(cot6/(1+cot26))], $=0.75,

cl.8.2.3.3

Design shear stress, Vg, = V2/by20effhog2 I N/mm?
Enh. shear strength, defhoq/ay-Ve (< (¢0.55[0.9f'(cot8/(1+cot20))], é1  x 1.00 0.57|N/mm? cl.8.2.3.2
Distance, a, ‘E.OOd v 983 /mm
E.A = Eq.As hog,prov 1448 MN cl.8.2.4.2.2
RC Ve = oky.Nf'; $=0.75; k,=[0.4/(1+1500¢,)]; f.'<65N/mm? 0 N/mm? cl.8.2.4.2.1
gx = 0.000 < [|[MAX(M=0,(V1+V,).defthog2)/defthog2 | +V1+V2[1/[2(E.A)] 0.00169 cl.8.2.4.2.2
Minimum shear strength, v, = 0.08f,'N/mm? ‘ YA N/mm? cl.8.2.1.7
(Aev/S)1 > by iMAX[V,,(Va1-eftmoga/ay-Vc)/cote/d/(d/a,) 1/ Fyv, D.9 D9 Ll mm?/mm | cl.8.2.3.2,
Tried Agy prov/S ‘ ‘ ‘ ‘ e d mm?/mm
Vcapz = ¢deffhogz/av-(Asv,prov/s)-fyv-deffhogz-COte + def‘FhogZ/av-Vc-(bwzdeffhogz 2533 | kN C/-8-2-3-2/
Design shear links area utilisation, [(As,/S)1 + (As/S)2] / (Asy,prov/S) 43% o
Design shear resistance utilisation, [V1+V5] / Veap2 77% O
| |
Deflection Design (Code Based) RC
Modified span / eff. depth ratio criteria = [K;.(A/Let).Dero.Ee/ (Ko.(1/Cup) . (05,51 +®s152)) 1>
Span, L, ‘ ‘ N/AIm
Span, L, / eff. depth ratio, dsag2 .
Basic span / eff. depth ratio criteria, A/Le¢ = { Continuous Internal Span v . cl.2.3.2(a)
‘ ‘ ki Tei/beid’, taken as—
Multiplier Ky = Io/burdes (5-0.04 ) p+0.00220.1/ g*° when p20.001(£)" /> N/A cl.8.5.4
‘ ‘ 0.055( 1) 1 77 =50p <0.06/ 7 when p<0.001(£)" /7
Multiplier k, = {1.5/384, 2.4/384, 5/384} | | N/A cl.8.5.4
Modified span / eff. depth ratio criteria = [ky.(A/Les).berz-Eo/ (K2.(1/Cue) - (w1 51+ 05 . cl.8.5.4

Deflection utilisation
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Deflection Design Based on First Principles
Code of practice for calculation of elastic modulus, E and eff. width, b, ‘ EC2 v
Creep modulus factor, Cy Storage Loading, CMF=1/[1+f=2.0] hd
Uncracked short-term, Eyncracked,2s ‘ ] GPa
[BS8110-2:1985] E 26 =20kN/mm? +0.2f ., ,5 |GPa cl.7.2
[15456:2000] | E26=5000f, s |GPa cl.6.2.3.1
[EN1992-1-1:2004] E (28 =22[(f o 25 +8MPa)/10] %> |GPa cl.3.1.3
[ACI318-19] | E 25 =4700f " |GPa cl.19.2.2
[AS1170.0:2002]).(0.043F ci )| ( 22 ). (0.024 VF i +0.12) |F oi =0.9.(f . '+1.64s) |GPa cl.3.1.2
Uncracked long-term (creep), Eyncracked,28,c0 = Cmr - Euncracked, 28 \ GPa
Cracked short-term, Eq« = Eyncracked,2s - [0.5-1.0] 0% Cracking v Ml GPa
Cracked long-term (creep), Ec,cp = Euncracked,28,cp - [0.5-1.0] GPa
|
Structural Design [Stage 1: Precast Simply-Supported]
Beam (precast) area, A; = %by.h;+2.niby.niby, 100% cm?
Beam (precast) centroid, x.; = (Y%b,,;.h;2/2+2.nib,.nib,%/2)/A, | | 410/mm
Beam (precast) inertia, I, ‘ ‘ ‘ 100% x10° cm*

Note I, = ((0.54+0.5%)b ,;.h ;> +2.nib,.nib > )/12+%b ,;.h ;.(Xc1-h 1/2)2 +2.0ib ,.nib .(X c; -Nib 1/2) ?

Beam (precast) top section modulus, Z;; = I;/(h{-X¢1) 100% x10* mm?
Beam (precast) bottom section modulus, Zy; = I1/Xq 100% x10* mm?
DL of precast beam incl. nibs (line load), DL,recastbeam kN/m
Note DL of precast beam incl. nibs (line load), DL precastbeam = Dwi-h 1. pc+DL 5

SLS beam loading (line load), wg sy 03.6 L4V
Note wsisi = SLS gjaps -t wi +DL peam +DL iy

Beam (precast) transfer deflections, &y, mm

Note 675 ‘= 5-DLprecastbeam-L14/[384Eck-11] (if unpropped only) + MPT,st-LIZ/[SEck-IIJ

Beam (precast) construction deflections, &, Unpropped v Rl mm

Note 51 = 5(()5L51.L14/[384E(_-k.I1] (Ifunpropped On/y) + MP7',/I"L12/[8EC/<'IIT

Beam (precast) transfer and construction deflections criteria, L;/250

Beam (precast) transfer deflections utilisation, |8r.s|/[L1/250]

9%

Beam (precast) construction deflections utilisation, |5;|/[L1/250]

2%

cl.8.2.5.2

cl.8.2.5.2
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Structural Design [Stage 2: Insitu]

Beam (comp.) flange thickness, h¢ = insitugp 100|{mm

Beam (comp.) flange eff. width, b, Internal Beam v mm
[BS8110-1:1997] b err =b o +k oL 5/(5~10)<t > 2250 \mm cl.3.4.1.5
[IS5456:2000] b etrr =b o +(6~3)he+k oL ,/(6~12)<t 2617 \mm cl.23.1.2
[EN1992-1{220DMIN{(0.1~0.2)(t 2 -b 2 )+0.1k oL ;,0.2k oL ; }<t > 3650 mm cl.5.3.2.1
[ACI318-19] b o =b 2 +MIN{(16~6)h¢,L ,/(4~12)}<t > 2450 \mm cl.6.3.2.1
[AS3600:2018] betrr =b yo+kol ,/(5~10)<t > 2250 |mm cl.8.8.2

Beam (Comp.) area, Agp = O/Obwl.h1+bwz.insitubeam+(beff2‘bwz).hf+2.nibb.nibh sz

Beam (comp.) centroid, X5 = hy-(((befro-bw2)-he).(ha-he/2)+(by,.insitupeam) - (ho-ins

Beam (comp.) inertia, I, ‘ ‘ ‘ ‘

529 mm
x10° cm*

Note I, = ((betr-b 2 ) D +b 3 .iNSitu peam ™ +(0.540.5%)b 1 .h ;> +2.0ib ».0ib 1> )/124(b eprr b 2 ). h r. (X 2 -h ¢/2) ?

(B w2 -INSItU peam ). (X c2 ~INSItU peam/2) 2 +%b 1 .(h 5 =iNSitU peam ). ((h 2 =X c2 )-( 2 =INSitU peam )/2) > +2.0ib , .nib

Beam (comp.) effect of composite and flanged section, [I,/1;]

Beam (comp.) top section modulus, Z;;, = I,/Xo x10* mm?
Beam (comp.) bottom section modulus, Z,, = I,/(hy-X.) x10* mm?
SLS beam loading (line load), wg s> Unpropped v *To Nl KN/m
Note wgs; = (SDL giap +LL g1ap ).t w2 +SDL peam
SLS beam loading (midspan point load), Psis; = SDLpgint 0.0 [
Beam (comp.) incr. deflections, &, Continuous Internal Span hd mm
Note 6, = wgs; 'L24/[384Eck,cp'I2] (/f unpropped Only) — W®s1S1 L24/[384Eck1 0.7 'mm

+ (w5 if propped only + w@s;sz).L 3% /[384E geep-12] + Psisa L3>/l 1.8 |mm
Note 6, = wss;.L 2% /[185E g op.1,] (if unpropped only) — wgs;.L % /[185E o.] N/A |mm

+ (wSLSI prropped On/y + a)SLSZ)'L24/[185ECk,CD'I2] + P5L52.L23/[ N/A mm
Note (52 = 5(05L51 'L24/[384Eck,cp'I2] (/f uan‘Opped On/y) - 5605L51 L24/[384EC N/A mm

‘ + 5( wsis; Iif propped only + wsis3).L 5% /[384E qep I2] + Psisa.L 5>, N/A |mm
Beam (comp.) incr. deflections criteria, MIN{20mm,L,/500} VOl mm
Beam (comp.) incr. deflections utilisation, |5,|/MIN{20mm,L,/500%} 12% O
Beam (comp.) total deflections utilisation, 5;+5, “mm
Beam (comp.) total deflections criteria, L,/250 40.0 Kiales

Beam (comp.) total deflections utilisation, |(8;+6,)|/[L,/250]

8%
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Longitudinal Shear Between Web and Flange Rectangular or Flanged Beam (EC2)
Note that this check is performed for both rectangular and flanged section designs, although
theoretically only applicable in the latter case;
Longitudinal shear stress, Kg . Vgq 86 N/mm2
Longitudinal shear stress, | vea= AFa/(hy- Ax) | 4.41|N/mm? cl.6.2.4
Change of normal force in flange half over Ax, AF; = Kg.(M*-0)/z 1101 kN
Note M* = MAX {M 3¢9, M 2 p0g }; | 2946|kNm

Note conservatively factor, Kg = 0.5(b .+-b ., )/b o+ employed even if neutral axis within web;

‘Lever arm, z = {Zsag2s Zhog2 ‘ _ 1.026|m
Thickness of the flange at the junctions, h; = insitug,, 100|mm
Length under consideration, Ax ‘ ‘ 2500|mm

Longitudinal shear stress limit for no transverse reinforcement utilisation, (Ks.Vgq

Required design transverse reinforcement per unit length, Ag/s; >

| (Asityalsi) = vea- bl cot o | |

Note the maximum value that may be assumed for Ax is half the distance between cl.6.2.4
the section where the moment is 0 and the section where the moment is maximum.
However, since AF, is also calculated over Ax based on a variation of moment of
~ M/2 -0 say, it is deemed acceptable to use for Ax the full distance between the
section where the moment is 0 and the section where the moment is maximum
based on a variation of moment of M -0 and factored by K s.
Shear stress distribution factor, Kg 1.33
For UDLs, Ks may be taken as 2.00 for simply supported beams, 1.33 for continuous
beams and 2.00 for cantilever beams;
Effective width, beg = bes | 3650 mm
Note for rectangular sections, b .+ equivalent to that of T-sections assumed;
Width (rectangular) or web width (flanged), b,, = by 850/mm
| | |
Longitudinal shear stress limit to prevent crushing, wam sindy cosdy I YA N/mm? cl.6.2.4
‘Design compressive strength, f4 | 23|N/mm?
.(h5-xo-nibp/2)? | fes = ae fod 3¢ | with  |ae=1.0, y.=1.5 cl.3.1.6
Strength reduction factor for concrete cracked in shear, v 0.516
v=D.6{1 fa | cl.6.2.2
250 |
Longitudinal shear stress limit to prevent crushing utilisation, (Ks.veq)/(vfgsing:cc D0% 0
Longitudinal shear stress limit for no transverse reinforcement, 0.4fq JWJd N/mm? cl.6.2.4
Design tensile strength, f.q4 \ ‘ ] N/mm?
foa = et faoos /pe | with  |aw=1.0, y.=1.5 c.3.1.6
foncn,05 =CI:T><J’.;|.-.1I ‘ 2.25|N/mm? T.3.1
If..,=0.30x£.2% <C50/60 || fim=2.12-In(1+(f,/10)) | > C50/60]  3.21|N/mm? T.3.1
fom = fa+8(MPa) | \ \ 43| N/mm? T.3.1
Characteristic cylinder strength of concrete, fy top 35|N/mm? T.3.1
Characteristic cube strength of concrete, f, top 45 N/mm2 T.3.1

Oy mm?/m

Required design transverse reinforcement per unit length utilisation, (As/sf)/Ae

Note area of transverse steel to be provided should be the greater of 1.0A /s and cl.6.2.4
0.5A /s + area required for slab bending; Note K s factored onto v g, herein;

Design yield strength of reinforcement, f 4 = f,/ys, ys=1.15, f,<600N/ 435/ N/mm? f.2.4, cl.3.2
Thickness of the flange at the junctions, h; = insitug,, 100|mm

Angle, 6 \ \ \ 38.6|degrees

1.0 =<cot @;,= 2,0 for compression flanges (45° =8 = 26,57) cl.6.2.4
1.0=<cot @;=1,25 for tension flanges (45" = &= 38.67)

Provided transverse reinforcement per unit length, A, ‘ 1571 mmz/m

BN o«
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Longitudinal Shear Between Web and Flange Rectangular or Flanged Bea

m (BS5400-4)

Note that this check is performed for both rectangular and flanged section design

s, although

theoretically only applicable in the latter case;

Longitudinal shear force per unit length, V; = Kg . AF4 / AX

Change of normal force in flange half over Ax, AF; = Kg.(M*-0)/z

Note M* = MAX {MZ,sag/ MZ,hog}/'

; kN/m

1178 |kN

3129|kNm

Note conservatively factor, Kg = 0.5(b .+-b ,, )/b o+ employed even if neutral axis within web;

‘Lever arm, z = {Zsag2, Zhog2} ‘ _ 1.019m
Thickness of the flange at the junctions, h; = insitug,, 100|mm
Length under consideration, Ax ‘ ‘ 2500/ mm

Note Ax is the beam length between the point of maximum design moment and

the point of zero moment;

Shear stress distribution factor, Kg 1.33
The longitudinal shear should be calculated per unit length. For UDLs, K s may be cl.7.4.2.3
taken as 2.00 for simply supported beams, 1.33 for continuous beams and 2.00
for cantilever beams; ‘
Effective width, bt = bemrn 3650|mm
Note for rectangular sections, b .+ equivalent to that of T-sections assumed;
Width (rectangular) or web width (flanged), b,, = b, 850|mm
Longitudinal shear force limit per unit length, Vy jimi JJIKN/m
\ \ \

W s?muld not exceed the lesser of the following: @ 675 KN/m 7423
a) kifeuls (b) 586/ kN/m cl.7.4.2.3
by ol + 0.7AS,

Table 31 — Ultimate longitudinal shear stress, vy, and values of , for composite members
Longitudinal shear stress for concrete grade
Type of shear plane 20 25 an 40 or more kl
Nimm® MimmE Nfmm? NimmE
Monaolithic
construction 0.90 0,90 1.25 1.25 0.15
Surface tvpe 1 0.50 0.63 0.75 0,50 0.15
Surface type 2 0.30 .38 0.45 0.50 0.09
NOTE For construction with lightweight aggregate concrete, the values given in this table should be reduced by 25 %,
Concrete bc‘md constan‘t, Ky 0.15 T.31
Ultimate longitudinal shear stress limit, v, 0.80N/mm? T.31
Surface type Surface type 1 (brushed / washed off laitance) v ‘ T.31
Length of shear plane, L = h; = insitug,p \ \ 100 mm
Provided transverse reinforcement per unit length, A, 1571 mmz/m
Note reinforcement provided for coexistent bending effects and shear reinforcement cl.7.4.2.3
crossing the shear plane, provided to resist vertical shear, may be included provided
they are fully anchored; ‘ ‘
Characteristic strength of reinforcement, f, < 460N/mm? 460|N/mm?
Longitudinal shear force limit per unit length utilisation, V1/Vy jimit 07 % OT O
Required nominal transverse reinforcement per unit length, 0.15%L I mm?Z/m cl.7.4.2.3

Required nominal transverse reinforcement per unit length utilisation, 0.15%L./A
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Longitudinal Shear Within Web‘ Rectangul‘ar or Flanged Beam (EC2)

Longitudinal shear stress, |ved = B Vea ! (Z by) | JN/mm? cl.6.2.5
Ratio, p = 1.0 | | 1.0 cl.6.2.5
Transverse shear force (averaged), Vegq = Vg*/2 = (V1+V,)/2 1026 kN cl.6.2.5
Lever arm, z = Z,0q2 ‘ ‘ 1.026|m cl.6.2.5
Width of the interface, b; = b,, = b,» 850/ mm cl.6.2.5

Longitudinal shear stress limit, vrg N/mm?
| Via = € Foa + 1 on + pFya (uSin a+cos o)< 0,5 v fy | cl.6.2.5
Note c.f 44 = 0.00 if o, is negative (tension); cl.6.2.5
Roughness coefficient, ¢ | Rough v 0.400 cl.6.2.5
Roughness coefficient, p Rough v 0.7 cl.6.2.5

Very smooth: a surface cast against steel, plastic or specially prepared wood;moulds:
c=0,025t00,10and u=0,5
Smooth: a slipformed or extruded surface, or a free surface left without further treatment
after vibration: ¢ = 0,20 and 4= 0,6
Rough: a surface with at least 3 mm roughness at about 40 mm spacing, achieved by
raking, exposing of aggregate or other methods giving an equivalent behaviour: ¢ = 0,40
and u = 0,7 ¢l
Indented: a surface with indentations complying with Figure 6.9: ¢ = 0,50 and «#=0,9
Design tens‘ile strength‘, fetd ] N/mm?
forg = et facoos [ 3e | with  |ae=1.0, y.=1.5 cl.3.1.6
foweaos = G:Txfﬂml ‘ 2.25|N/mm? T.3.1
If...=0,30=£.2% <C50/60 | | fim=2.12-In(1+{f,/10)) | > C50/60]  3.21|N/mm? T.3.1
fom = fat+B(MPa) | | | 43|N/mm’ T.3.1
Characteristic cylinder strength of concrete, fu top 35|N/mm? T.3.1
Characteristic cube strength of concrete, f, o, 45|N/mm? T.3.1
Normal stress across longitudinal shear interface, o, = 0 JOLD N/ mm?
Reinforcement ratio, p = As / A ‘ ‘ 0.006 cl.6.2.5
Area of reinforcement, Ag = A, prov/S 4825/mm?/m
Note that the area of reinforcement crossing the shear interface may cl.6.2.5
include ordinary shear reinforcement with adequate anchorage at both
sides of the interface;
Area of the joint, A; = 1000.b; 850000 mm?/m
Design yield strength of reinforcement, f 4 = f,\/vs, ys=1.15, f,,<600N 435/ N/mm? f.2.4, cl.3.2
Angle of reinforcement, a = 90.0° 90.0|degrees cl.6.2.5
Design compressive strength, f 23|N/mm?
| foo = oo o/ 3¢ with |ae=1.0, y=1.5 c.3.1.6
Strength reduction factor for concrete cracked in shear, v 0.516
V:D,Bp fo_| cl.6.2.2
250 |
Longitudinal shear stress limit utilisation, Veqi/Vgai :“
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Longitudinal shear stress, v, = Kg . AF. / (by.AX) I N/mm? cl.5.4.7.2
Change of total compression force over Ax, AF. = (M-0)/z 4892 kN cl.5.4.7.1
Note M = MAX {M 1 cag +M 3509, M 2n0g }/ 3923 kNm
‘Lever arm, z = {Zsag2 Zhog2} 0.802|m
Length under consideration, Ax ‘ 2500 mm
Note Ax is the beam length between the point of maximum design moment and cl.5.4.7.2
the point of zero moment; ‘
Shear stress distribution factor, Kg 1.33
The average design shear stress should then be distributed in proportion to the cl.5.4.7.2

vertical design shear force diagram to give the horizontal shear stress at any point
along the length of the member. For UDLs, K s maybe taken as 2.00 for simply
supported beams, 1.33 for continuous beams and 2.00 for cantilever beams;

Width (rectangular) or web width (flanged), b,, = b, 850|mm
Longitudinal shear stress limit for no nominal / design vertical reinforcement, vy ] N/mm?
Surface type Washed to remove laitance etc v T.5.5
] ] ] ]
Table 5.5 Design ultimate horizontal shear stresses at interface
Precast unit Surface type Grade of in-situ concretes
25 30 [40 and over
Mimm K/mm® Mimm?
[Without links As-cast or as-extruded 0.4 0.55 [0.Ba
Brushed, screeded or rough-tamped |0.6 0.B5 [0.75
Washed to remove laitance ar o7 .75 ]
treated with retarder and cleaned
I:'.‘l-'llh_ nominal links projecting [ As-cast or as-extruded 1.2 1.8 |20
inko 1m-51k0 concrate Brushed, sereeded or rough-tamped | 1.8 2.0 |22
Washed to remove laitance or 2.1 2.2 |25
treated with retarder and cleaned
INGTE 1 The description Jand vibrated leaving & rough linlah, The surface
{8 rougher o urther fndaling screed bat not s rough as would b
ahtaiped iF L
NOTE 2 The description “as-extraded” covers those casss i which an open-textured surface bs prodoced dimeet Crom an extrsding
maching
NOTE 3 The description “brished, sereeded or rough-tamped” covers those cases wlene some form of deliberate surface
roviphening bas taken pla 1l Lo ; 1 the agEregste
MOTE 4  For structiral aasesament. purposes, (0 ey be assumed that the approprsate valise of pg, meluded in the table s 1.5
Longitudinal shear stress limit for no nominal / design vertical reinforcement utili % OT C
Required nominal vertical reinforcement per unit length, 0.15%b,, mmz/m cl.5.4.7.3
Provided vertical reinforcement per unit length, A, 4825 mmz/m
Note A, = Asv,prov /S; ‘ ‘
Required nominal vertical reinforcement per unit length utilisation, 0.15%b,/A. 26% (0] ¢

Note UT set to 0% if longitudinal shear stress limit for no nominal vertical reinforcement UT <= 100%;

Required design vertical reinforcement per unit length, A, > mmz/m

_ 1 000buyy ‘ cl.5.4.7.4, Forey

Ay = —
0.95f, Note f,, <460N/mm?
Required design vertical reinforcement per unit length utilisation, A,/Ac 123% NOT OK

Note UT set to 0% if longitudinal shear stress limit for no design vertical reinforcement UT <= 100%;
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Longitudinal Shear Within Web Rectangular or Flanged Beam (BS5400-4)

Longitudinal shear force per unit length, V,; = Ks . AF. / Ax JrkJ kN/m
Change of total compression force over Ax, AF. = (M-0)/z 4892 kN
Note M = MAX {M 1 cag +M 3509, M 2n0g }/ 3923|kNm
‘Lever arm, z = {Zsag2 Zhog2} 0.802|m
Length under consideration, Ax ‘ 2500 mm

Note Ax is the beam length between the point of maximum design moment and

the point of zero moment; ‘

Shear stress distribution factor, Kg 1.33

The longitudinal shear should be calculated per unit length. For UDLs, K s may be cl.7.4.2.3

taken as 2.00 for simply supported beams, 1.33 for continuous beams and 2.00

for cantilever beams; ‘ ‘ ‘

Width (rectangular) or web width (flanged), b,, = b, 850|{mm
Longitudinal shear force limit per unit length, Vy jimi “AkN/m
\ \ \
V] should not exceed the lesser of the following:
) b I (a) 7013 kN/m cl.7.4.2.3
o MewEs (b) 2234 kN/m cl.7.4.2.3

b) L, + 0.7Af,

Table 31 — Ultimate longitudinal shear stress, v;, and values of &, for composite members
Yype af shear plane Longitudinal shear stress for concrete grade Ry
20 23 an 40 or more
Nfmm®* Mimm* N/mm®* MNimm*
Monolithic
construction 0,90 0.90 1.25 1.25 .15
Surface tvpe 1 .50 0.63 0.75 0,80 .15
Surface tyvpe 2 0.30 0.38 0.45 0.50 0.09
NOTE For construction with lightweight aggregate concrete, the values given in this table should be reduced by 25 %.
|
Concrete bond constant, k; 0.15 T.31
Ultimate longitudinal shear stress limit, v, 0.80 N/mm2 T.31
‘Surface type Surface type 1 (brushed / washed off laitance) v ‘ T.31
Length of shear plane, Ly = b,, = by ‘ 850 |mm
Provided vertical reinforcement per unit length, A, 4825 mm?/m
Note Ae = Asprov /' S; | |
Note reinforcement provided for coexistent bending effects and shear reinforcement cl.7.4.2.3

crossing the shear plane, provided to resist vertical shear, may be included provided

they are fully anchored; ‘ ‘

Characteristic strength of reinforcement, f,, < 460N/mm? 460|N/mm?

Longitudinal shear force limit per unit length utilisation, V1/Vy jimit

Required nominal vertical reinforcement per unit length, 0.15%L 1275 i cl.7.4.2.3

Required nominal vertical reinforcement per unit length utilisation, 0.15%LJ/A.

Note UT set to 0% if longitudinal shear force limit per unit length for no nominal vertical reinforcement

UT <= 100%,




