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Material Properties

Characteristic strength of concrete (insitu topping), fcu,top / fck,top | fc,top' 45 35 N/mm
2

Characteristic strength of concrete (precast beam), fcu / fck | fc' 55 45 N/mm
2 OK

Note require f cu  ≥ 40N/mm
2
 (pre-T) cl.4.1.8.1 BS8110, ≤ 105N/mm

2
 HSC;

Characteristic strength of concrete at transfer (precast beam), fci / fci' 45 35 N/mm
2 OK

Note require f ci  ≥ 25N/mm
2
 cl.4.1.8.1 BS8110;

Yield strength of longitudinal steel, fy 2 500 N/mm
2

Yield strength of shear link steel, fyv 2 500 N/mm
2

Elastic modulus of reinforcement steel, Es 200,000 N/mm
2

Type of concrete and density, rc 25 kN/m
3

ULS Load Combination Factors

DL+SDL [G] and LL [Q] factors for ULS, kG and kQ 1.35 1.50

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, insituslab 100 mm fcu,top / fck,top | fc,top' =

Beam (precast) width, bw1 = bw 850 mm fcu / fck | fc' =

Beam (precast) depth, h1 900 mm

Cover, coverbot1 (usually 35 (C35) or 30 (C40) internal; 40 external) 25 mm

Sag steel reinforcement diameter, ft1 25 mm

Sag steel reinforcement number, nt1 21

Sag steel area provided, As,sag,prov = nt1.p.ft1
2
/4 10308 mm

2

Number of layers of sag steel, nlayers,sag1 3 layer(s)

Spacer for sag steel, sr,sag1 (≥ MAX (ft1, 25mm)) 32 mm OK

Shear link diameter, flink 16 mm

Number of shear links in a cross section, i.e. number of legs, nleg 6

Area provided by all shear links in a cross-section, Asv,prov = p.flink
2
/4.nleg 1206 mm

2

Pitch of shear links, S 250 mm

Eff. depth to sag steel, dsag1 = h1 - coverbot1 - flink - [ft1+(nlayers,sag1-1)(ft1+sr,sag1)]/2 790 mm

Eff. depth to sag prestress strands, dps1 683 mm

Section Dimensions [Stage 2: Insitu]

Beam (comp.) width, bw2 = bw 850 mm

Beam insitu depth, insitubeam 300 mm

Beam (comp.) depth, h2 = h1 + insitubeam 1200 mm

Cover, covertop2 (usually 35 (C35) or 30 (C40) internal; 40 external) 25 mm

Add cover to hog steel (due to transverse steel layer(s)), coveradd,t 35 mm

Hog steel reinforcement diameter, ft2 32 mm

Hog steel reinforcement number, nt2 9

Hog steel area provided, As,hog,prov = nt2.p.ft2
2
/4 7238 mm

2 ecc., es = zstrands,1,b-xc1 =

Number of layers of hog steel, nlayers,hog2 2 layer(s)

Spacer for hog steel, sr,hog2 (≥ MAX (ft2, 25mm)) 32 mm OK

strand no. debonded, Ns,db =

Eff. depth to sag steel, dsag2 = h2 - coverbot1 - flink - [ft1+(nlayers,sag1-1)(ft1+sr,sag1)]/2 1090 mm

Eff. depth to hog steel, dhog2 = h2 - covertop2 - MAX(flink, coveradd,t) - [ft2+(nlayers,hog2-1)(ft2+sr,hog2)]/21092 mm

Eff. depth to sag prestress strands, dps2 983 mm
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Detailing Instructions

cl.2.4.3.1.1

fcu,top / fck,top | fc,top' = topping bw = 850 mm insituslab = 100 mm

fcu / fck | fc' = precast h1 = 900 mm insitubeam = 300 mm

fci / fci' = transfer h2 = 1200 mm nibb = 200 mm

fy / fyv = rebar cover = 25 mm nibh = 295 mm

As,sag,prov = 21 no. rebar in 3 layers @ 32 mm spacer 1.01%

As,hog,prov = 9 no. rebar in 2 layers @ 32 mm spacer 0.71%

Asv,prov = 6 no. shear link legs @ 250 mm pitch

stage 2 support conditions =

code based deflection check =

shear force reduction to critical section =

shear capacity enhancement distance, av =

internal or edge beam for beff2 calculation =

precast concrete beam total weight for erection = 20.751 tonnes

precast concrete beam sag RC or PT = PT

strand short-term losses = 5.0 % strand jacking % = 75.0 %

strand long-term losses = 15.0 % strand area, As = 140.00 mm
2

elastic modulus of prestress strand, Ep = 195,000 N/mm
2

ult. (char.) tensile strength of prestress strand, fpu = 1,860 N/mm
2

ult. (char.) tensile load of prestress strand, Fpk = As.fpu = 260.4 kN

strand no., Ns = 8 8 4 0 4 24 strands

Aps = SNs.As = 1120 1120 560 0 560 3360 mm
2

Pst = 1484 1484 742 0 742 4453 kN

scp,st = -Pst/A1 = -1.7 -1.7 -0.8 0.0 -0.8 -5.0 N/mm
2

Plt = 1328 1328 664 0 664 3984 kN

scp,lt = -Plt/A1 = -1.5 -1.5 -0.8 0.0 -0.8 -4.5 N/mm
2

zstrands,1,b (from bot.) = 50 100 150 200 850 N/A mm

ecc., es = zstrands,1,b-xc1 = -360 -310 -260 -210 440 N/A mm

MPT,st = Pst.es = -534 -459 -193 0 327 -859 kNm

MPT,lt = Plt.es = -478 -411 -172 0 292 -769 kNm

strand no. debonded, Ns,db = 2 0 0 0 0 2 strands

Pst,db = 371 0 0 0 0 371 kN

scp,st,db = -Pst,db/A1 = -0.4 0.0 0.0 0.0 0.0 -0.4 N/mm
2

MPT,st,db = Pst,db.es = -133 0 0 0 0 -133 kNm

Continuous Internal Span
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Utilisation Summary

Item BS8110 IS456 EC2 ACI318 AS3600

Precast beam sag section ductility OK OK OK N/A N/A

Precast beam sag steel area provided N/A N/A N/A N/A N/A

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) N/A N/A N/A N/A N/A

Comp. beam sag section ductility OK OK OK N/A N/A

Comp. beam sag steel area provided N/A N/A N/A N/A N/A

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 design shear resistance 72% 87% 40% 82% 77%

Comp. beam deflection (code based) N/A N/A N/A N/A N/A

Item

Precast beam deflection (first principles) 9%

Comp. beam deflection (first principles) 12%

Precast and comp. beam misc. checks OK

Item EC2 BS5400 BS8110

Longitudinal shear between web and flange 100% 107% N/A

Longitudinal shear within web    51% 117% 123%

Stage 1 beam area, A1 100% 8830 cm
2

Stage 1 beam inertia, I1 100% 6185 x10
3
 cm

4

Stage 1 beam top section modulus, Zt1 100% 12611 x10
4
 mm

3

Stage 1 beam bottom section modulus, Zb1 100% 15101 x10
4
 mm

3

Stage 2 beam area, Aeff2 14180 cm
2

Stage 2 beam inertia, I2 22521 x10
3
 cm

4

Stage 2 beam top section modulus, Zt2 42569 x10
4
 mm

3

Stage 2 beam bottom section modulus, Zb2 33566 x10
4
 mm

3

2/10/2026

Engineering Calculation Sheet                           

Consulting Engineers jXXX 3

CONSULTING                                 

E N G I N E E R S

Structure, Member Design - PC Frame, Beam and Slab

Structure, Member Design - Precast Concrete Frame, Beam and Slab BS8110, IS456, EC2, ACI318, AS3600 v2027.09.xlsx
Made by Date Chd.

Drg. Ref.

Member/Location

BS8110 IS456 EC2 ACI318 AS3600



Job No. Sheet No. Rev.

Job Title

XX

EC2

Loading and Structural Analysis [Stage 1: Precast Simply-Supported]

Code of practice for presentation of ULS load combination factors

Beam span, L1 9.400 m

Tributary width (inc. precast slab clear span), tw1 9.150 m

DL of inc. precast slab (pressure load), DLslab 5.71 kPa

DL of inc. precast slab insitu topping (pressure load), DLtop 2.50 kPa

Note DL of inc. precast slab insitu topping (pressure load), DL top  = insitu slab . r c

SLS slab loading (pressure load), SLSslab1 = DLslab+DLtop 8.21 kPa

DL of precast and wet beam (line load), DLbeam = (%bw1.h1+bw1.insitubeam).rc 25.5 kN/m

DL of precast beam nibs (line load), DLnib = 2.nibb.nibh.rc 3.0 kN/m

DL of precast beam incl. nibs (line load), DLprecastbeam 100% 22.1 kN/m Note

Note DL of precast beam incl. nibs (line load), DL precastbeam  = b w1 .h 1 . r c +DL nib

DL of inc. precast slab and topping concrete (line load), DLprecastslab+topping 81.5 kN/m

Note DL of inc. precast slab and topping concrete (line load), DL precastslab+topping  = b w1 .insitu beam . r c +SLS slab1 .t w1

SLS beam loading (line load), wSLS1 103.6 kN/m

Note w SLS1  = SLS slab1 .t w1 +DL beam +DL nib

ULS beam loading (line load), wULS1 139.8 kN/m

Note w ULS1  = k G .SLS slab1 .t w1 +k G .DL beam +k G .DL nib

Beam top TLS stress at beginning of stage 1 (comp. -ve), st1,TLS 1.13 N/mm
2

Note s t1,TLS  = (-P st /A 1 )-(-P st,db /A 1 ) - (M PT,st -M PT,st,db )/Z t1

Beam unpropped or propped ?

Beam ULS sag bending moment, M1,sag 1544 kNm

Note M 1,sag  = 0.125.w ULS1 .L 1
2
 (if unpropped only)

Beam SLS sag bending moment, M1,sag,SLS 375 kNm

Note M 1,sag,SLS  calculated as per M 1,sag  but without load combination factors, plus the addition of M PT,lt .

Beam bottom SLS stress at end of stage 1 (comp. -ve), sb1,SLS -2.03 N/mm
2

Note s b1,SLS  = -P lt /A 1  + M 1,sag,SLS /Z b1

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, V1 = 0.5.wULS1.L1 (if unpropped only) 657 kN
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EC2

Loading and Structural Analysis [Stage 2: Insitu]

Code of practice for presentation of ULS load combination factors

Beam span, L2 10.000 m

Tributary width (grid to grid), tw2 10.000 m

SDL on slab (pressure load), SDLslab 4.00 kPa

SDL on beam (line load), SDLbeam 0.0 kN/m

SDL on beam (midspan point load), SDLpoint 0.0 kN

LL on slab (pressure load), LLslab [with pattern loading] 15.00 kPa

SLS beam loading (line load), wSLS2 190.0 kN/m

Note w SLS2  = (SDL slab +LL slab ).t w2 +SDL beam 

ULS beam loading (line load), wULS2 279.0 kN/m

Note w ULS2  = (k G .SDL slab +k Q .LL slab ).t w2 +k G .SDL beam 

Beam ULS sag bending moment, M2,sag 2183 kNm

Note M 2,sag  = k DL|SDL,sag .w ULS1 .L 2
2
 (if propped only) + k DL|SDL,sag .k G .[SDL slab .t w2 +SDL beam ].L 2

2

                     + k SDL,p,sag .k G .[SDL point ].L 2  + k LL,sag .k Q .[LL slab .t w2 ].L 2
2

k DL|SDL,sag k SDL,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, M2,sag,SLS 1474 kNm

Note M 2,sag,SLS  calculated as per M 2,sag  but without load combination factors.

Beam bottom SLS stress stage 2 loading (comp. -ve), sb2,SLS 4.39 N/mm
2

Note s b2,SLS  = M 2,sag,SLS /Z b2

Beam bottom SLS stress at end of stage 2 (comp. -ve), sb1,SLS + sb2,SLS 2.36 N/mm
2

Beam total ULS sag bending moment, M1,sag+M2,sag 3728 kNm

Beam ULS hog bending moment, M2,hog 2946 kNm

Note M 2,hog  = k DL|SDL,hog .w ULS1 .L 2
2
 (if propped only) + k DL|SDL,hog .k G .[SDL slab .t w2 +SDL beam ].L 2

2

                     + k SDL,p,hog .k G .[SDL point ].L 2  + k LL,hog .k Q .[LL slab .t w2 ].L 2
2

k DL|SDL,hog k SDL,p,hog k LL,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

Beam ULS shear force, V2 1395 kN

Note V 2  =  (0.5-0.6).w ULS1 .L 2  (if propped only) + (0.5-0.6). w ULS2 .L 2 +(0.5-0.6).(k G .SDL point )

Beam total ULS shear force, V1+V2 2052 kN
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BS8110

Structural Design [Stage 1: Precast Simply-Supported]

Bending Design PT

Beam ULS sag bending moment, M1,sag 1601 kNm

Stress coeff., M1,sag/bw1dsag1
2 3.0 N/mm

2

Stress coeff., Ksag1 = M1,sag/bw1dsag1
2
fcu ≤ 0.156 [fcu≤60N/mm

2
] | 0.120 [fcu≤75N/mm

2
] | 0.094 [fcu≤105N/mm

2
]N/A N/A

Lever arm, zsag1 = dsag1.[0.5+(0.25-Ksag1/0.9)
0.5

] ≤ 0.95dsag1 N/A mm cl.3.4.4.4

Sag steel req., As,sag1 = M1,sag/(0.95fy.zsag1), fy≤460N/mm
2 N/A mm

2 cl.3.4.4.4

Sag steel prov., As,sag,prov N/A mm
2

Sag steel prov. utilisation, As,sag1 / As,sag,prov N/A N/A

Hog tensile stress limit utilisation, [st1,TLS] / [st1,limit] 1.13 37% OK

Tensile stress limit, st1,limit = 0.45fci 3.02 N/mm
2 cl.4.3.5.2

Sag prestress moment cap., fMu1,sag = fpb.Aps.(dps1-0.45x) 2878 kNm cl.4.3.7.3

Ratio, fpb/0.95fpu = fpb/0.95fpu 0.87 T.4.4

Ratio, x/d = x/dps1 ≤ 0.50 0.41 OK

Ratio, fpe/fpu = (Pst/Aps)/fpu ≤ 0.60 0.60

Ratio, [fpuAps]/[fcubd] = [fpuAps]/[fcubw1dps1] 0.20 cl.4.3.7.3

Sag prestress moment cap. utilisation, M1,sag / fMu1,sag 56% OK

Shear Design PT

Eff. depth to sag [RC] or [PT], deffsag1 = dsag1 or dps1 683 mm

Beam ULS shear force, V1 681 kN

Ult. shear stress, vult1 = V1/bw1deffsag1 1.17 N/mm
2 cl.3.4.5.2 BC2

Ult. shear stress utilisation, vult1 / (0.8fcu
0.5

 & {5.0,7.0}N/mm
2
) 23% OK

Design shear stress, vd1 = V1/bw1deffsag1 1.17 N/mm
2

Enh. shear strength, 2deffsag1/av.vc (< 0.8fcu
0.5

 & {5.0,7.0}N/mm
2
) x 1.00 0.74 N/mm

2 cl.3.4.5.8

Distance, av 1367 mm Note

rw = 100 {As,sag,prov [RC] | Aps [PT]} / bw1deffsag1 0.58 % cl.3.4.5.4

RC vc = (0.79/1.25)(rwfcu/25)
1/3

(400/dsag1)
1/4

; rw<3; fcu<80; (400/dsag1)
1/4

>1.00 cl.3.4.5.4

PT vc = (1-0.55fpe/fpu)(0.79/1.25)(rwfcu/25)
1/3

(400/dps1)
1/4

 ≥ 0.1fcu; rw<3; fcu<80; (400/dps1)
1/4

>1.00cl.4.3.8.5

Minimum shear strength, vr = MAX(0.4,0.4(fcu/40)
2/3

)N/mm
2
, fcu≤80N/mm

2 0.49 N/mm
2 cl.3.4.5.3 BC2

(Asv/S)1 > bw1MAX[vr,(vd1-2deffsag1/av.vc)]/(0.95fyv), fyv≤460N/mm
2
 i.e. (Asv/S)1 >0.96 0.84 0.96 mm

2
/mmcl.3.4.5.3, cl.3.4.5.8, cl.3.4.5.1

Tried Asv,prov/S 4.83 mm
2
/mm

Vcap1 = (Asv,prov/S).(0.95fyv).deffsag1 + 2deffsag1/av.vc.(bw1deffsag1), fyv≤460N/mm
2 1872 kNcl.3.4.5.3, cl.3.4.5.8, cl.3.4.5.1

Design shear links area utilisation, (Asv/S)1 / (Asv,prov/S) 20% OK

Design shear resistance utilisation, V1 / Vcap1 36% OK

Deflection Design (Code Based) RC

Span, L1 N/A m

Span, L1 / eff. depth ratio, dsag1 N/A

Basic span / eff. depth ratio criteria = {20.0} N/A cl.3.4.6.3

Multiplier C1,rect or flanged N/A Multiplier C1,L>10m N/A cl.3.4.6.3, cl.3.4.6.4

Modification factor for tension C2 = 0.55+(477-fs)/[120(0.9+M/bd
2
)] ≤ 2.0 N/A cl.3.4.6.5

M/bd
2
 = M1,sag/bw1dsag1

2 N/A N/mm
2 cl.3.4.6.5

fs = [2fy.As,sag1/3As,sag,prov].[1/bb] N/A N/mm
2 cl.3.4.6.5

Modified span / eff. depth ratio criteria = C1.C2.{20.0} N/A cl.3.4.6.3, cl.3.4.6.4

Deflection utilisation N/A N/A

0.74 N/mm
2
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BS8110

Structural Design [Stage 2: Insitu]

Bending Design PT

Beam ULS sag bending moment, M2,sag 2322 kNm

Stress coeff., M2,sag/bw2dsag2
2 2.3 N/mm

2

Stress coeff., M1,sag/bw1dsag1
2
 + M2,sag/bw2dsag2

2 5.3 N/mm
2

Stress coeff., Ksag2 = [M1,sag+M2,sag]/bw2dsag2
2
fcu,top ≤ 0.156 [fcu,top≤60N/mm

2
] | 0.120 [fcu,top≤75N/mm

2
] | 0.094 [fcu,top≤105N/mm

2
]N/A N/A

Lever arm, zsag2 = dsag2.[0.5+(0.25-Ksag2/0.9)
0.5

] ≤ 0.95dsag2 N/A mm cl.3.4.4.4

Sag steel req., As,sag2 = [M1,sag+M2,sag]/(0.95fy.zsag2), fy≤460N/mm
2 N/A mm

2 cl.3.4.4.4

Sag steel prov., As,sag,prov N/A mm
2

Sag steel prov. utilisation, As,sag2 / As,sag,prov N/A N/A

Sag tensile stress limit utilisation, [sb1,SLS+sb2,SLS] / [sb2,limit] 2.36 71% OK

Tensile stress limit, sb2,limit = 0.45fcu 3.34 N/mm
2 cl.4.3.4.3

Sag prestress moment cap., fMu2,sag = fpb.Aps.(dps2-0.45x) 4142 kNm cl.4.3.7.3

Ratio, fpb/0.95fpu = fpb/0.95fpu 0.87 T.4.4

Ratio, x/d = x/dps2 ≤ 0.50 0.41 OK

Ratio, fpe/fpu = (Plt/Aps)/fpu ≤ 0.60 0.60

Ratio, [fpuAps]/[fcu,topbd] = [fpuAps]/[fcu,topbw2dps2] 0.17 cl.4.3.7.3

Sag prestress moment cap. utilisation, [M1,sag+M2,sag] / fMu2,sag 95% OK

Beam ULS hog bending moment, M2,hog 3129 kNm

Stress coeff., M2,hog/bw2dhog2
2 3.1 N/mm

2

Stress coeff., Khog2 = M2,hog/bw2dhog2
2
fcu ≤ 0.156 [fcu≤60] | 0.120 [fcu≤75] | 0.094 [fcu≤105]0.056 OK

Lever arm, zhog2 = dhog2.[0.5+(0.25-Khog2/0.9)
0.5

] ≤ 0.95dhog2 1019 mm cl.3.4.4.4

Hog steel req., As,hog2 = M2,hog / (0.95fy.zhog2), fy ≤ 460N/mm
2 7026 mm

2 cl.3.4.4.4

Hog steel prov., As,hog,prov 7238 mm
2

Hog steel prov. utilisation, As,hog2 / As,hog,prov 97% OK

Shear Design RC

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

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

Beam ULS shear force, V2 1480 kN

Ult. shear stress, vult2 = V2/bw2dhog2 1.59 N/mm
2 cl.3.4.5.2 BC2

Ult. shear stress utilisation, [vult1+vult2] / (0.8fcu
0.5

 & {5.0,7.0}N/mm
2
) 55% OK

Design shear stress, vd2 = V2/bw2dhog2 1.59 N/mm
2

Enh. shear strength, 2dhog2/av.vc (< 0.8fcu
0.5

 & {5.0,7.0}N/mm
2
) x 1.00 0.76 N/mm

2 cl.3.4.5.8

Distance, av 2184 mm Note

rw = 100As,hog,prov/bw2dhog2 0.78 % cl.3.4.5.4

RC vc = (0.79/1.25)(rwfcu/25)
1/3

(400/dhog2)
1/4

; rw<3; fcu<80; (400/dhog2)
1/4

>1.000.76 N/mm
2 cl.3.4.5.4

Minimum shear strength, vr = MAX(0.4,0.4(fcu/40)
2/3

)N/mm
2
, fcu≤80N/mm

2 0.49 N/mm
2 cl.3.4.5.3 BC2

(Asv/S)2 > bw2MAX[vr,(vd2-2dhog2/av.vc)]/(0.95fyv), fyv≤460N/mm
2
 i.e. (Asv/S)2 >0.96 1.63 1.63 mm

2
/mmcl.3.4.5.3, cl.3.4.5.8, cl.3.4.5.1

Tried Asv,prov/S 4.83 mm
2
/mm

Vcap2 = (Asv,prov/S).(0.95fyv).dhog2 + 2dhog2/av.vc.(bw2dhog2), fyv≤460N/mm
2 3005 kNcl.3.4.5.3, cl.3.4.5.8, cl.3.4.5.1

Design shear links area utilisation, [(Asv/S)1 + (Asv/S)2] / (Asv,prov/S) 51% OK

Design shear resistance utilisation, [V1+V2] / Vcap2 72% OK

Deflection Design (Code Based) RC

Span, L2 N/A m

Span, L2 / eff. depth ratio, dsag2 N/A

Basic span / eff. depth ratio criteria = {26.0,23.0,20.0} N/A cl.3.4.6.3

Multiplier C1,rect or flanged N/A Multiplier C1,L>10m N/A cl.3.4.6.3, cl.3.4.6.4

Modification factor for tension C2 = 0.55+(477-fs)/[120(0.9+M/bd
2
)] ≤ 2.0 N/A cl.3.4.6.5

M/bd
2
 = [M1,sag+M2,sag]/bw2dsag2

2 N/A N/mm
2 cl.3.4.6.5

fs = [2fy.As,sag2/3As,sag,prov].[1/bb] N/A N/mm
2 cl.3.4.6.5

Modified span / eff. depth ratio criteria = C1.C2.{26.0,23.0,20.0} N/A cl.3.4.6.3, cl.3.4.6.4

Deflection utilisation N/A N/A
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IS456

Structural Design [Stage 1: Precast Simply-Supported]

Bending Design PT

Beam ULS sag bending moment, M1,sag 1716 kNm

Stress coeff., M1,sag/bw1dsag1
2 3.2 N/mm

2

Stress coeff., Ksag1 = M1,sag/bw1dsag1
2
fcu ≤ 0.148 [fy≤250N/mm

2
] | 0.138 [fy≤415N/mm

2
] | 0.133 [fy≤500N/mm

2
]N/A N/A

Lever arm, zsag1 = dsag1.{1.0-0.416[1.2-((1.2)
2
-6.68Ksag1)

0.5
]} ≤ 0.95dsag1 N/A mm

Sag steel req., As,sag1 = M1,sag/(0.87fy.zsag1) N/A mm
2

Sag steel prov., As,sag,prov N/A mm
2

Sag steel prov. utilisation, As,sag1 / As,sag,prov N/A N/A

Hog tensile stress limit utilisation, [st1,TLS] / [st1,limit] 1.13 38% OK

Tensile stress limit, st1,limit = 3.00N/mm
2 3.00 N/mm

2 cl.24.2.1 IS1343

Sag prestress moment cap., fMu1,sag = {Ft,s,t,Fc,c}.{dps1-0.42x} 2977 kNm cl.23.1.2 IS1343

Depth of neutral axis, x [x/dps1 ≤ 0.60] 323 mm OK

Strand tensile strain, et,s,t = ep,s,t+eb,s,t = [Pst/Aps]/Ep+[(dps1-x)/x].ecu, ecu=0.0035 0.0107 cl.23.1.1 IS1343

Strand tensile stress, st,s,t = et,s,t.Ep for et,s,t ≤ 1.0.fpu/1.15/Ep, else 1.0.fpu/1.15 1617 N/mm
2 cl.23.3 IS1343

Strand tension, Ft,s,t = st,s,t.Aps | Conc. comp., Fc,c = 0.36fcu.bw1.x 5434 5434 kN cl.23.1.1 IS1343

Sag prestress moment cap. utilisation, M1,sag / fMu1,sag 58% OK

Shear Design PT

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

Eff. depth to sag [RC] or [PT], deffsag1 = dsag1 or dps1 683 mm

Beam ULS shear force, V1 730 kN

Ult. shear stress, vult1 = V1/bw1deffsag1 1.26 N/mm
2 T.20

Ult. shear stress utilisation, vult1 / (0.62fcu
0.5

 & 4.0N/mm
2
) 31% OK

Design shear stress, vd1 = V1/bw1deffsag1 1.26 N/mm
2

Enh. shear strength, 2deffsag1/av.vc (< 0.62fcu
0.5

 & 4.0N/mm
2
) x 1.00 0.74 N/mm

2 cl.40.5.1

Distance, av 1367 mm Note

rw = 100 {As,sag,prov [RC] | Aps [PT]} / bw1deffsag1 0.58 % cl.40.2.1

RC vc = 0.85k(0.8fcu)
1/2

[(1+5b)
1/2

-1]/6b; b=0.8fcu/(6.89rw)≥1; rw≤3; fcu<40; k=MIN(1.3,MAX(1,1.6-0.002h1)cl.40.2.1

PT vc = (1-0.55fpe/fpu)0.85(0.8fcu)
1/2

[(1+5b)
1/2

-1]/6b ≥ 0.1fcu; b=0.8fcu/(6.89rw)≥1; rw≤3; fcu<40;cl.23.4.2 IS1343

Minimum shear strength, vr = 0.4N/mm
2 0.40 N/mm

2 cl.26.5.1.6

(Asv/S)1 > bw1MAX[vr,(vd1-2deffsag1/av.vc)]/(0.87fyv), fyv≤415N/mm
2
 i.e. (Asv/S)1 >0.94 1.21 1.21 mm

2
/mmcl.40.4, cl.40.5.2

Tried Asv,prov/S 4.83 mm
2
/mm

Vcap1 = (Asv,prov/S).(0.87fyv).deffsag1 + 2deffsag1/av.vc.(bw1deffsag1), fyv≤415N/mm
2 1621 kN cl.40.4, cl.40.5.2

Design shear links area utilisation, (Asv/S)1 / (Asv,prov/S) 25% OK

Design shear resistance utilisation, V1 / Vcap1 45% OK

Deflection Design (Code Based) RC

Span, L1 N/A m

Span, L1 / eff. depth ratio, dsag1 N/A

Basic span / eff. depth ratio criteria = {20.0} N/A cl.23.2.1

Multiplier C1,rect or flanged N/A Multiplier C1,L>10m N/A cl.23.2.1

Modification factor for tension C2 = 1/[0.225+0.003fs+0.625log10(rw)] ≤ 2.0 N/A cl.23.2.1

rw = 100As,sag,prov/bw1dsag1 N/A % cl.23.2.1

fs = 0.58fy.[As,sag1/As,sag,prov] N/A N/mm
2 cl.23.2.1

Modified span / eff. depth ratio criteria = C1.C2.{20.0} N/A cl.23.2.1

Deflection utilisation N/A N/A

N/mm
20.74

Note
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IS456

Structural Design [Stage 2: Insitu]

Bending Design PT

Beam ULS sag bending moment, M2,sag 2211 kNm

Stress coeff., M2,sag/bw2dsag2
2 2.2 N/mm

2

Stress coeff., M1,sag/bw1dsag1
2
 + M2,sag/bw2dsag2

2 5.4 N/mm
2

Stress coeff., Ksag2 = [M1,sag+M2,sag]/bw2dsag2
2
fcu,top ≤ 0.148 [fy≤250N/mm

2
] | 0.138 [fy≤415N/mm

2
] | 0.133 [fy≤500N/mm

2
]N/A N/A

Lever arm, zsag2 = dsag2.{1.0-0.416[1.2-((1.2)
2
-6.68Ksag2)

0.5
]} ≤ 0.95dsag2 N/A mm

Sag steel req., As,sag2 = [M1,sag+M2,sag]/(0.87fy.zsag2) N/A mm
2

Sag steel prov., As,sag,prov N/A mm
2

Sag steel prov. utilisation, As,sag2 / As,sag,prov N/A N/A

Sag tensile stress limit utilisation, [sb1,SLS+sb2,SLS] / [sb2,limit] 2.36 79% OK

cl.24.2.1 IS1343 Tensile stress limit, sb2,limit = 3.00N/mm
2 3.00 N/mm

2 cl.24.2.1 IS1343

Sag prestress moment cap., fMu2,sag = {Ft,s,t,Fc,c}.{dps2-0.42x} 4443 kNm cl.23.1.2 IS1343

Depth of neutral axis, x [x/dps2 ≤ 0.60] 395 mm OK

Strand tensile strain, et,s,t = ep,s,t+eb,s,t = [Plt/Aps]/Ep+[(dps2-x)/x].ecu, ecu=0.0035 0.0113 cl.23.1.1 IS1343

Strand tensile stress, st,s,t = et,s,t.Ep for et,s,t ≤ 1.0.fpu/1.15/Ep, else 1.0.fpu/1.15 1617 N/mm
2 cl.23.3 IS1343

Strand tension, Ft,s,t = st,s,t.Aps | Conc. comp., Fc,c = 0.36fcu,top.bw2.x 5434 5434 kN cl.23.1.1 IS1343

Sag prestress moment cap. utilisation, [M1,sag+M2,sag] / fMu2,sag 88% OK

Beam ULS hog bending moment, M2,hog 2996 kNm

Stress coeff., M2,hog/bw2dhog2
2 3.0 N/mm

2

Stress coeff., Khog2 = M2,hog/bw2dhog2
2
fcu ≤ 0.148 [fy≤250] | 0.138 [fy≤415] | 0.133 [fy≤500]0.054 OK

Lever arm, zhog2 = dhog2.{1.0-0.416[1.2-((1.2)
2
-6.68Khog2)

0.5
]} ≤ 0.95dhog2 1019 mm

Hog steel req., As,hog2 = M2,hog / (0.87fy.zhog2) 6756 mm
2

Hog steel prov., As,hog,prov 7238 mm
2

Hog steel prov. utilisation, As,hog2 / As,hog,prov 93% OK

Shear Design RC

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

Beam ULS shear force, V2 1425 kN

Ult. shear stress, vult2 = V2/bw2dhog2 1.54 N/mm
2 T.20

Ult. shear stress utilisation, [vult1+vult2] / (0.62fcu
0.5

 & 4.0N/mm
2
) 70% OK

Design shear stress, vd2 = V2/bw2dhog2 1.54 N/mm
2

Enh. shear strength, 2dhog2/av.vc (< 0.62fcu
0.5

 & 4.0N/mm
2
) x 1.00 0.61 N/mm

2 cl.40.5.1

Distance, av 2184 mm Note

rw = 100As,hog,prov/bw2dhog2 0.78 % cl.40.2.1

RC vc = 0.85k(0.8fcu)
1/2

[(1+5b)
1/2

-1]/6b; b=0.8fcu/(6.89rw)≥1; rw≤3; fcu<40; k=MIN(1.3,MAX(1,1.6-0.002h2)0.61 N/mm
2 cl.40.2.1

cl.23.4.2 IS1343

Minimum shear strength, vr = 0.4N/mm
2 0.40 N/mm

2 cl.26.5.1.6

(Asv/S)2 > bw2MAX[vr,(vd2-2dhog2/av.vc)]/(0.87fyv), fyv≤415N/mm
2
 i.e. (Asv/S)2 >0.94 2.17 2.17 mm

2
/mmcl.40.4, cl.40.5.2

Tried Asv,prov/S 4.83 mm
2
/mm

Vcap2 = (Asv,prov/S).(0.87fyv).dhog2 + 2dhog2/av.vc.(bw2dhog2), fyv≤415N/mm
2 2471 kN cl.40.4, cl.40.5.2

Design shear links area utilisation, [(Asv/S)1 + (Asv/S)2] / (Asv,prov/S) 70% OK

Design shear resistance utilisation, [V1+V2] / Vcap2 87% OK

Deflection Design (Code Based) RC

Span, L2 N/A m

Span, L2 / eff. depth ratio, dsag2 N/A

Basic span / eff. depth ratio criteria = {26.0,23.0,20.0} N/A cl.23.2.1

Multiplier C1,rect or flanged N/A Multiplier C1,L>10m N/A cl.23.2.1

Modification factor for tension C2 = 1/[0.225+0.003fs+0.625log10(rw)] ≤ 2.0 N/A cl.23.2.1

rw = 100As,sag,prov/bw2dsag2 N/A % cl.23.2.1

fs = 0.58fy.[As,sag2/As,sag,prov] N/A N/mm
2 cl.23.2.1

Modified span / eff. depth ratio criteria = C1.C2.{26.0,23.0,20.0} N/A cl.23.2.1

Deflection utilisation N/A N/A

Note

Note
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EC2

Structural Design [Stage 1: Precast Simply-Supported]

Bending Design PT

Beam ULS sag bending moment, M1,sag 1544 kNm

Stress coeff., M1,sag/bw1dsag1
2 2.9 N/mm

2

Stress coeff., Ksag1 = M1,sag/bw1dsag1
2
fck ≤ 0.167 [fck≤50N/mm

2
] N/A N/A

Lever arm, zsag1 = dsag1.[0.5+(0.25-Ksag1/1.134)
0.5

] ≤ 0.95dsag1 N/A mm cl.4.4.1 Mosley

Sag steel req., As,sag1 = M1,sag/(0.87fy.zsag1) N/A mm
2

Sag steel prov., As,sag,prov N/A mm
2

Sag steel prov. utilisation, As,sag1 / As,sag,prov N/A N/A

Hog tensile stress limit utilisation, [st1,TLS] / [st1,limit] 1.13 35% OK

cl.24.2.1 IS1343 Tensile stress limit, st1,limit = 0.72fctm = 0.72{fci'≤50:0.3fci'
(2/3)

,fci'>50:2.12LN(1+(fci'+8)/10)}EC2 3.21 N/mm
2 cl.5.8.2 TR.43-2

Sag prestress moment cap., fMu1,sag = {Ft,s,t,Fc,c}.{dps1-l.x/2} 2790 kNm cl.3.1.6, cl.3.1.7

Depth of neutral axis, x [x/dps1 ≤ 0.50] 282 mm OK

Strand tensile strain, et,s,t = ep,s,t+eb,s,t = [Pst/Aps]/Ep+[(dps1-x)/x].ecu3 ≤ 0.02 0.0118 OK

Strand tensile stress, st,s,t = et,s,t.Ep for et,s,t ≤ k.fpu/gs/Ep, else k.fpu/gs 1456 N/mm
2 cl.3.3.6

Strand tension, Ft,s,t = st,s,t.Aps | Conc. comp., Fc,c = h.(acc.fck/gc).bw1.(l.x) 4891 4891 kN cl.3.1.6, cl.3.1.7

Sag prestress moment cap. utilisation, M1,sag / fMu1,sag 55% OK

Shear Design PT

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

Eff. depth to sag [RC] or [PT], deffsag1 = dsag1 or dps1 683 mm

Beam ULS shear force, V1 657 kN

Ult. shear stress, vult1 = V1/bw1deffsag1 1.13 N/mm
2cl.6.2.3(3), cl.3.1.2(2)

Ult. shear stress utilisation, vult1 / (vRd,max(q=45)=0.18(1-fck/250).fck, fck≤50N/mm
2
) 17% OK

Design shear stress, vd1 = V1/bw1deffsag1 1.13 N/mm
2

Enh. shear strength, 2deffsag1/av.vRd,c (< vRd,max(q=45)=0.18(1-fck/250).fck, fck≤50N/mm
2
)x 1.00 1.13 N/mm

2cl.6.2.2(6), cl.6.2.3(8), cl.3.1.2(2)

Distance, av 1367 mm Note

rw = 100 {As,sag,prov [RC] | 0 [PT]} / bw1deffsag1 0.00 % cl.6.2.2(1)

RC

PT

Minimum shear strength, vr = 0.08/gs.fck
0.5

N/mm
2
, gs=1.15, fck≤50N/mm

2 0.47 N/mm
2cl.9.2.2(5), cl.3.1.2(2)

(Asv/S)1 > bw1MAX[vr,vd1/(0.9.cotq)/(2deffsag1/av)]/(0.87fyv), fyv≤600N/mm
2
 i.e. (Asv/S)1 >0.91 0.99 0.99 mm

2
/mmcl.6.2.3(3), cl.6.2.3(8), cl.3.2.2(3)

Tried Asv,prov/S 4.83 mm
2
/mm

Vcap1 = 2deffsag1/av.(Asv,prov/S).(0.87fyv).0.9deffsag1.cotq, fyv≤600N/mm
2 22.0 3195 kNcl.3.4.5.3, cl.3.4.5.8, cl.3.4.5.1

Design shear links area utilisation, (Asv/S)1 / (Asv,prov/S) 21% OK

Design shear resistance utilisation, V1 / Vcap1 21% OK

Deflection Design (Code Based) RC

Span, L1 N/A m

Span, L1 / eff. depth ratio, dsag1 N/A

Basic span / eff. depth ratio criteria, {L/deff}basic = f{K,rreq,1,fck} N/A cl.7.4.2

Multiplier F1,rect or flanged N/A Multiplier F2,L>7m N/A cl.7.4.2

Modification factor for tension F3 = 310/ss ≤ 1.5 N/A cl.7.4.2

rreq,1 = 100As,sag,1/bw1dsag1 N/A % cl.7.4.2

ss = 310.(fy/500).[As,sag1/As,sag,prov].[1/bb] N/A N/mm
2 cl.7.4.2

Modified span / eff. depth ratio criteria = F1.F2.F3.{L/deff}basic N/A

Deflection utilisation N/A N/A

vRd,c = CRd,c.k(rwfck)
1/3

+k1.scp ≥ vmin+k1.scp; vmin=0.035k
3/2

fck
0.5

, 

k1=0.15, fck≤50N/mm
2
; CRd,c=0.18/gc=0.12; 

cl.6.2.2(1

), 

cl.3.1.2(2

1.13 N/mm
2
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EC2

Structural Design [Stage 2: Insitu]

Bending Design PT

Beam ULS sag bending moment, M2,sag 2183 kNm

Stress coeff., M2,sag/bw2dsag2
2 2.2 N/mm

2

Stress coeff., M1,sag/bw1dsag1
2
 + M2,sag/bw2dsag2

2 5.1 N/mm
2

Stress coeff., Ksag2 = [M1,sag+M2,sag]/bw2dsag2
2
fck,top ≤ 0.167 [fck,top≤50N/mm

2
] N/A N/A

Lever arm, zsag2 = dsag2.[0.5+(0.25-Ksag2/1.134)
0.5

] ≤ 0.95dsag2 N/A mm cl.4.4.1 Mosley

Sag steel req., As,sag2 = [M1,sag+M2,sag]/(0.87fy.zsag2) N/A mm
2

Sag steel prov., As,sag,prov N/A mm
2

Sag steel prov. utilisation, As,sag2 / As,sag,prov N/A N/A

Sag tensile stress limit utilisation, [sb1,SLS+sb2,SLS] / [sb2,limit] 2.36 62% OK

cl.5.8.2 TR.43-2 Tensile stress limit, sb2,limit = 0.72fctm = 0.72{fck≤50:0.3fck
(2/3)

,fck>50:2.12LN(1+(fck+8)/10)}EC2 3.80 N/mm
2 cl.5.8.2 TR.43-2

Sag prestress moment cap., fMu2,sag = {Ft,s,t,Fc,c}.{dps2-l.x/2} 4100 kNm cl.3.1.6, cl.3.1.7

Depth of neutral axis, x [x/dps2 ≤ 0.50] 363 mm OK

Strand tensile strain, et,s,t = ep,s,t+eb,s,t = [Plt/Aps]/Ep+[(dps2-x)/x].ecu3 ≤ 0.02 0.0121 OK

Strand tensile stress, st,s,t = et,s,t.Ep for et,s,t ≤ k.fpu/gs/Ep, else k.fpu/gs 1456 N/mm
2 cl.3.3.6

Strand tension, Ft,s,t = st,s,t.Aps | Conc. comp., Fc,c = h.(acc.fck,top/gc).bw2.(l.x)4891 4891 kN cl.3.1.6, cl.3.1.7

Sag prestress moment cap. utilisation, [M1,sag+M2,sag] / fMu2,sag 91% OK

Beam ULS hog bending moment, M2,hog 2946 kNm

Stress coeff., M2,hog/bw2dhog2
2 2.9 N/mm

2

Stress coeff., Khog2 = M2,hog/bw2dhog2
2
fck ≤ 0.167 [fck≤50] 0.065 OK

Lever arm, zhog2 = dhog2.[0.5+(0.25-Khog2/1.134)
0.5

] ≤ 0.95dhog2 1026 mm cl.4.4.1 Mosley

Hog steel req., As,hog2 = M2,hog / (0.87fy.zhog2) 6601 mm
2

Hog steel prov., As,hog,prov 7238 mm
2

Hog steel prov. utilisation, As,hog2 / As,hog,prov 91% OK

Shear Design RC

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

Beam ULS shear force, V2 1395 kN

Ult. shear stress, vult2 = V2/bw2dhog2 1.50 N/mm
2cl.6.2.3(3), cl.3.1.2(2)

Ult. shear stress utilisation, [vult1+vult2] / (vRd,max(q=45)=0.18(1-fck/250).fck, fck≤50N/mm
2
)40% OK

Design shear stress, vd2 = V2/bw2dhog2 1.50 N/mm
2

Enh. shear strength, 2dhog2/av.vRd,c (< vRd,max(q=45)=0.18(1-fck/250).fck, fck≤50N/mm
2
)x 1.00 0.56 N/mm

2cl.6.2.2(6), cl.6.2.3(8), cl.3.1.2(2)

Distance, av 2184 mm Note

rw = 100As,hog,prov/bw2dhog2 0.78 % cl.6.2.2(1)

RC vRd,c = CRd,c.k(rwfck)
1/3

+k1.scp ≥ vmin+k1.scp; vmin=0.035k
3/2

fck
0.5

, k1=0.15, fck≤50N/mm
2
; CRd,c=0.18/gc=0.12; k=1+(200/dhog2)≤2.0; rw≤2; scp=00.56 N/mm
2cl.6.2.2(1), cl.3.1.2(2)

Minimum shear strength, vr = 0.08/gs.fck
0.5

N/mm
2
, gs=1.15, fck≤50N/mm

2 0.47 N/mm
2cl.9.2.2(5), cl.3.1.2(2)

(Asv/S)2 > bw2MAX[vr,vd2/(0.9.cotq)/(2dhog2/av)]/(0.87fyv), fyv≤600N/mm
2
 i.e. (Asv/S)2 >0.91 1.32 1.32 mm

2
/mmcl.6.2.3(3), cl.6.2.3(8), cl.3.2.2(3)

Tried Asv,prov/S 4.83 mm
2
/mm

Vcap2 = 2dhog2/av.(Asv,prov/S).(0.87fyv).0.9dhog2.cotq, fyv≤600N/mm
2 22.0 5106 kNcl.3.4.5.3, cl.3.4.5.8, cl.3.4.5.1

Design shear links area utilisation, [(Asv/S)1 + (Asv/S)2] / (Asv,prov/S) 48% OK

Design shear resistance utilisation, [V1+V2] / Vcap2 40% OK

Deflection Design (Code Based) RC

Span, L2 N/A m

Span, L2 / eff. depth ratio, dsag2 N/A

Basic span / eff. depth ratio criteria, {L/deff}basic = f{K,rreq,2,fck} N/A cl.7.4.2

Multiplier F1,rect or flanged N/A Multiplier F2,L>7m N/A cl.7.4.2

Modification factor for tension F3 = 310/ss ≤ 1.5 N/A cl.7.4.2

rreq,2 = 100As,sag,2/bw2dsag2 N/A % cl.7.4.2

ss = 310.(fy/500).[As,sag2/As,sag,prov].[1/bb] N/A N/mm
2 cl.7.4.2

Modified span / eff. depth ratio criteria = F1.F2.F3.{L/deff}basic N/A

Deflection utilisation N/A N/A

Structure, Member Design - Precast Concrete Frame, Beam and Slab BS8110, IS456, EC2, ACI318, AS3600 v2027.09.xlsx

Structure, Member Design - PC Frame, Beam and Slab 2/10/2026

CONSULTING                                 

E N G I N E E R S

Engineering Calculation Sheet                           

Consulting Engineers jXXX 11

Made by Date Chd.

Drg. Ref.

Member/Location



Job No. Sheet No. Rev.

Job Title

XX

ACI318

Structural Design [Stage 1: Precast Simply-Supported]

Bending Design PT

Beam ULS sag bending moment, M1,sag 1373 kNm

Stress coeff., M1,sag/fbw1dsag1
2
, f=0.90 2.9 N/mm

2 cl.21.2

Stress coeff., Rn,sag1/fc' = M1,sag/fbw1dsag1
2
fc', f=0.90 N/A

Net strain, etsag1 = 0.003(dtsag1/c-1) ≥ 0.005, c=a/b1, a=As,sag,prov.fy/(0.85fc'bw1), b1=MAX[MIN(0.85-(0.05/7).(fc'-28),0.85),0.65], fy≤550N/mm
2N/A N/A

Sag steel req., As,sag1 = 0.85fc'/fy.[1-(1-2Rn,sag1/(0.85fc'))].bw1dsag1, fy≤550N/mm
2 N/A mm

2cl.22.2.2.4.1, 22.2.2.4.3, 22.2.2.4.3

Sag steel prov., As,sag,prov N/A mm
2

Sag steel prov. utilisation, As,sag1 / As,sag,prov N/A N/A

Hog tensile stress limit utilisation, [st1,TLS] / [st1,limit] 1.13 38% OK

cl.5.8.2 TR.43-2 Tensile stress limit, st1,limit = 0.50fci' 2.96 N/mm
2 cl.24.5.3.2

Sag prestress moment cap., fMu1,sag = f.{Ft,s,t,Fc,c}.{dps1-b1.c/2}, f=0.65~0.900.90 3217 kNm cl.22.3.1.1, cl.21.2.2

Depth of neutral axis, c 256 mm

Strand tensile strain, et,s,t = ep,s,t+eb,s,t = [Pst/Aps]/Ep+[(dps1-c)/c].ecu, ecu=0.003 0.0118 cl.22.2.2.1

Strand tensile stress, st,s,t = et,s,t.Ep for et,s,t ≤ 0.0086, else fpu-0.276/(et,s,t-0.007) 1803 N/mm
2 PCI

Strand tension, Ft,s,t = st,s,t.Aps | Conc. comp., Fc,c = b1.0.85fc'.bw1.c 6057 6057 kN cl.22.2.2.4.1

Sag prestress moment cap. utilisation, M1,sag / fMu1,sag 43% OK

cl.4.4.1 Mosley

Shear Design PT

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

Eff. depth to sag [RC] or [PT], deffsag1 = dsag1 or dps1 683 mm

Beam ULS shear force, V1 584 kN

Ult. shear stress, vult1 = V1/bw1deffsag1 1.01 N/mm
2cl.22.5.1.2, cl.22.5.5.1, cl.22.5.3.1

Ult. shear stress utilisation, vult1 / (f(0.66+0.17l)fc', f=0.75, fc'≤70N/mm
2
) 24% OK

Design. shear stress, vd1 = V1/bw1deffsag1 1.01 N/mm
2

Enh. shear strength, deffsag1/av.vc (< f(0.66+0.17l)fc', f=0.75, fc'≤70N/mm
2
)x 1.00 0.70 N/mm

2 cl.9.4.3.2

Distance, av 683 mm Note

RC vc = f0.17lfc'; f=0.75; fc'≤70N/mm
2 cl.22.5.5.1, cl.22.5.3.1

PT vc = f0.14lfc'; f=0.75; fc'≤70N/mm
2 cl.22.5.8.3.1

Minimum shear strength, vr = MAX(0.35,0.062fc')N/mm
2
, fc'≤70N/mm

2 0.42 N/mm
2cl.10.6.2.2, cl.22.5.3.1

(Asv/S)1 > bw1MAX[vr,(vd1-deffsag1/av.vc)/f/(d/av)]/fyv, f=0.75, fyv≤420N/mm
2
 i.e. (Asv/S)1 >0.84 0.81 0.84 mm

2
/mmcl.R22.5.10.5, cl.9.4.3.2, cl.22.5.3.3

Tried Asv,prov/S 4.83 mm
2
/mm

Vcap1 = fdeffsag1/av.(Asv,prov/S).fyv.deffsag1 + deffsag1/av.vc.(bw1deffsag1), f=0.75, fyv≤420N/mm
21448 kNcl.22.5.10.1, cl.22.5.10.5.3, cl.9.4.3.2, cl.22.5.3.3

Design shear links area utilisation, (Asv/S)1 / (Asv,prov/S) 17% OK

Design shear resistance utilisation, V1 / Vcap1 40% OK

Deflection Design (Code Based) RC

Span, L1 N/A m

Span, L1 / eff. depth ratio, dsag1 N/A

Basic span / eff. depth ratio criteria = {16.0} N/A cl.9.3.1.1

Multiplier F1,rect or flanged N/A

Multiplier F2,L>10m N/A

Modification factor for tension F3 = 0.4+fy/700 N/A cl.9.3.1.1.1

Modified span / eff. depth ratio criteria = F1.F2.F3.{L/deff}basic N/A

Deflection utilisation N/A N/A

N/mm
20.70
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ACI318

Structural Design [Stage 2: Insitu]

Bending Design PT

Beam ULS sag bending moment, M2,sag 2285 kNm

Stress coeff., M2,sag/fbw2dsag2
2
, f=0.90 2.5 N/mm

2 cl.21.2

Stress coeff., M1,sag/fbw1dsag1
2
 + M2,sag/fbw2dsag2

2
, f=0.90 5.4 N/mm

2 cl.21.2

Stress coeff., Rn,sag2/fc,top' = [M1,sag+M2,sag]/fbw2dsag2
2
fc,top', f=0.90 N/A cl.21.2

Net strain, etsag2 = 0.003(dtsag2/c-1) ≥ 0.005, c=a/b1, a=As,sag,prov.fy/(0.85fc,top'bw2), b1=MAX[MIN(0.85-(0.05/7).(fc,top'-28),0.85),0.65], fy≤550N/mm
2N/A N/A

Sag steel req., As,sag2 = 0.85fc,top'/fy.[1-(1-2Rn,sag2/(0.85fc,top'))].bw2dsag2, fy≤550N/mm
2N/A mm

2cl.22.2.2.4.1, 22.2.2.4.3, 22.2.2.4.3

Sag steel prov., As,sag,prov N/A mm
2

Sag steel prov. utilisation, As,sag2 / As,sag,prov N/A N/A

Sag tensile stress limit utilisation, [sb1,SLS+sb2,SLS] / [sb2,limit] 2.36 57% OK

Tensile stress limit, sb2,limit = 0.62fc' 4.16 N/mm
2 cl.24.5.2.1

Sag prestress moment cap., fMu2,sag = f.{Ft,s,t,Fc,c}.{dps2-b1.c/2}, f=0.65~0.900.90 4731 kNm cl.22.3.1.1, cl.21.2.2

Depth of neutral axis, c 301 mm

Strand tensile strain, et,s,t = ep,s,t+eb,s,t = [Plt/Aps]/Ep+[(dps2-c)/c].ecu, ecu=0.003 0.0129 cl.22.2.2.1

Strand tensile stress, st,s,t = et,s,t.Ep for et,s,t ≤ 0.0086, else fpu-0.276/(et,s,t-0.007) 1813 N/mm
2 PCI

Strand tension, Ft,s,t = st,s,t.Aps | Conc. comp., Fc,c = b1.0.85fc,top'.bw2.c 6092 6092 kN cl.22.2.2.4.1

Sag prestress moment cap. utilisation, [M1,sag+M2,sag] / fMu2,sag 77% OK

Beam ULS hog bending moment, M2,hog 3062 kNm

Stress coeff., M2,hog/fbw2dhog2
2
, f=0.90 3.4 N/mm

2 cl.21.2

Stress coeff., Rn,hog2/fc' = M2,hog/fbw2dhog2
2
fc', f=0.90 0.075 cl.21.2

Net strain, ethog2 = 0.003(dthog2/c-1) ≥ 0.005, c=a/b1, a=As,hog,prov.fy/(0.85fc'bw2), b1=MAX[MIN(0.85-(0.05/7).(fc'-28),0.85),0.65], fy≤550N/mm
20.019 OK

Hog steel req., As,hog2 = 0.85fc'/fy.[1-(1-2Rn,hog2/(0.85fc'))].bw2dhog2, fy≤550N/mm
2 6532 mm

2cl.22.2.2.4.1, 22.2.2.4.3, 22.2.2.4.3

Hog steel prov., As,hog,prov 7238 mm
2

Hog steel prov. utilisation, As,hog2 / As,hog,prov 90% OK

Shear Design RC

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

Beam ULS shear force, V2 1440 kN

Ult. shear stress, vult2 = V2/bw2dhog2 1.55 N/mm
2cl.22.5.1.2, cl.22.5.5.1, cl.22.5.3.1

Ult. shear stress utilisation, [vult1+vult2] / (f(0.66+0.17l)fc', f=0.75, fc'≤70N/mm
2
) 61% OK

Design shear stress, vd2 = V2/bw2dhog2 1.55 N/mm
2

Enh. shear strength, dhog2/av.vc (< f(0.66+0.17l)fc', f=0.75, fc'≤70N/mm
2
)x 1.00 0.86 N/mm

2 cl.9.4.3.2

Distance, av 1092 mm Note

RC vc = f0.17lfc'; f=0.75; fc'≤70N/mm
2 0.86 N/mm

2cl.22.5.5.1, cl.22.5.3.1

cl.22.5.8.3.1

Minimum shear strength, vr = MAX(0.35,0.062fc')N/mm
2
, fc'≤70N/mm

2 0.42 N/mm
2cl.10.6.2.2, cl.22.5.3.1

(Asv/S)2 > bw2MAX[vr,(vd2-dhog2/av.vc)/f/(d/av)]/fyv, f=0.75, fyv≤420N/mm
2
 i.e. (Asv/S)2 >0.84 1.88 1.88 mm

2
/mmcl.R22.5.10.5, cl.9.4.3.2, cl.22.5.3.3

Tried Asv,prov/S 4.83 mm
2
/mm

Vcap2 = fdhog2/av.(Asv,prov/S).fyv.dhog2 + dhog2/av.vc.(bw2dhog2), f=0.75, fyv≤420N/mm
2 2454 kNcl.22.5.10.1, cl.22.5.10.5.3, cl.9.4.3.2, cl.22.5.3.3

Design shear links area utilisation, [(Asv/S)1 + (Asv/S)2] / (Asv,prov/S) 56% OK

Design shear resistance utilisation, [V1+V2] / Vcap2 82% OK

Deflection Design (Code Based) RC

Span, L2 N/A m

Span, L2 / eff. depth ratio, dsag2 N/A

Basic span / eff. depth ratio criteria = {21.0,18.5,16.0} N/A cl.9.3.1.1

Multiplier F1,rect or flanged N/A

Multiplier F2,L>10m N/A

Modification factor for tension F3 = 0.4+fy/700 N/A cl.9.3.1.1.1

Modified span / eff. depth ratio criteria = F1.F2.F3.{L/deff}basic N/A

Deflection utilisation N/A N/A

Structure, Member Design - PC Frame, Beam and Slab 2/10/2026

jXXX 13

Structure, Member Design - Precast Concrete Frame, Beam and Slab BS8110, IS456, EC2, ACI318, AS3600 v2027.09.xlsx

CONSULTING                                 

E N G I N E E R S

Engineering Calculation Sheet                           

Consulting Engineers

Made by Date Chd.

Drg. Ref.

Member/Location



Job No. Sheet No. Rev.

Job Title

XX

AS3600

Structural Design [Stage 1: Precast Simply-Supported]

Bending Design PT

Beam ULS sag bending moment, M1,sag 1373 kNm

Stress coeff., M1,sag/fbw1dsag1
2
, f=0.85 3.0 N/mm

2 cl.2.2.2

Stress coeff., Rn,sag1/fc' = M1,sag/fbw1dsag1
2
fc', f=0.85 N/A cl.2.2.2

Neutral axis param., ku = a/(gdsag1) ≤ 0.36, a=(As,sag,prov.fy)/(a2.fc'.bw1), g=0.97-0.0025fc'≥0.67, a2=0.85-0.0015fc'≥0.67N/A N/A

Sag steel req., As,sag1 = a2.fc'/fy.[1-(1-2Rn,sag1/(a2.fc'))].bw1dsag1, a2=0.85-0.0015fc'≥0.67, fy≤500N/mm
2N/A mm

2 cl.8.1.3

Sag steel prov., As,sag,prov N/A mm
2

Sag steel prov. utilisation, As,sag1 / As,sag,prov N/A N/A

Hog tensile stress limit utilisation, [st1,TLS] / [st1,limit] 1.13 32% OK

Tensile stress limit, st1,limit = 0.60fci' 3.55 N/mm
2 cl.8.1.6.2

Sag prestress moment cap., fMu1,sag = f.{Ft,s,t,Fc,c}.{dps1-g.c/2}, f=0.65~0.850.85 3006 kNm cl.8.1.3

Depth of neutral axis, c 237 mm

Strand tensile strain, et,s,t = ep,s,t+eb,s,t = [Pst/Aps]/Ep+[(dps1-c)/c].ecu, ecu=0.003 0.0125 cl.8.1.3

Strand tensile stress, st,s,t = et,s,t.Ep for et,s,t ≤ 0.0086, else fpu-0.276/(et,s,t-0.007) 1809 N/mm
2 PCI

Strand tension, Ft,s,t = st,s,t.Aps | Conc. comp., Fc,c = a2.fc'.bw1.(g.c) 6079 6079 kN cl.8.1.3

Sag prestress moment cap. utilisation, M1,sag / fMu1,sag 46% OK

cl.22.2.2.4.1, 22.2.2.4.3, 22.2.2.4.3

Shear Design PT

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

Eff. depth to sag [RC] or [PT], deffsag1 = MAX {0.72h1, 0.9(dsag1 or dps1)} 648 mm cl.8.2.1.9

Beam ULS shear force, V1 584 kN

Ult. shear stress, vult1 = V1/bw1deffsag1 1.06 N/mm
2 cl.8.2.3.3

Ult. shear stress utilisation, vult1 / (f0.55[0.9fc'(cotq/(1+cot
2
q))], f=0.75, q=29+7000ex)15% OK

Design. shear stress, vd1 = V1/bw1deffsag1 1.06 N/mm
2

Enh. shear strength, deffsag1/av.vc (< (f0.55[0.9fc'(cotq/(1+cot2q))], f=0.75, q=29+7000ex))x 1.00 2.01 N/mm
2 cl.8.2.3.2

Distance, av 648 mm Note

E.A = {Es.As,sag,prov [RC] | Ep.Aps [PT]} 655 MN cl.8.2.4.2.2

RC vc = fkv.fc'; f=0.75; kv=[0.4/(1+1500ex)]; fc'≤65N/mm
2 2.01 N/mm

2 cl.8.2.4.2.1

PT ex = 0.000 ≤ [|MAX(M=0,V1.deffsag1)/deffsag1|+|V1|-Aps.0.5fpu]/[2(E.A)] ≤ 0.0030.00000 cl.8.2.4.2.2

Minimum shear strength, vr = 0.08fc'N/mm
2 0.54 N/mm

2 cl.8.2.1.7

(Asv/S)1 > bw1MAX[vr,(vd1-deffsag1/av.vc)/cotq/f/(d/av)]/fyv, f=0.75, fyv≤500N/mm
2
 i.e. (Asv/S)1 >0.91 0.00 0.91 mm

2
/mmcl.8.2.3.1, cl.8.2.3.2, cl.8.2.5.2

Tried Asv,prov/S 4.83 mm
2
/mm

Vcap1 = fdeffsag1/av.(Asv,prov/S).fyv.deffsag1.cotq + deffsag1/av.vc.(bw1deffsag1), f=0.75, fyv≤500N/mm
229.0 3224 kNcl.8.2.3.1, cl.8.2.3.2, cl.8.2.5.2

Design shear links area utilisation, (Asv/S)1 / (Asv,prov/S) 19% OK

Design shear resistance utilisation, V1 / Vcap1 18% OK

Deflection Design (Code Based) RC

Span, L1 N/A m

Span, L1 / eff. depth ratio, dsag1 N/A

Basic span / eff. depth ratio criteria, D/Lef = {1/250} N/A cl.2.3.2(a)

Multiplier k1 = Ief/bw1dsag1
3 N/A cl.8.5.4

cl.9.3.1.1.1

Multiplier k2 = {5/384} N/A cl.8.5.4

Modified span / eff. depth ratio criteria = [k1.(D/Lef).bw1.Ec/(k2.wSLS1)]
1/3 N/A cl.8.5.4

Deflection utilisation N/A N/A
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AS3600

Structural Design [Stage 2: Insitu]

Bending Design PT

Beam ULS sag bending moment, M2,sag 2156 kNm

Stress coeff., M2,sag/fbw2dsag2
2
, f=0.85 2.5 N/mm

2 cl.2.2.2

Stress coeff., M1,sag/fbw1dsag1
2
 + M2,sag/fbw2dsag2

2
, f=0.85 5.6 N/mm

2 cl.2.2.2

Stress coeff., Rn,sag2/fc,top' = [M1,sag+M2,sag]/fbw2dsag2
2
fc,top', f=0.85 N/A cl.2.2.2

Neutral axis param., ku = a/(gdsag2) ≤ 0.36, a=(As,sag,prov.fy)/(a2.fc,top'.bw2), g=0.97-0.0025fc,top'≥0.67, a2=0.85-0.0015fc,top'≥0.67N/A N/A

Sag steel req., As,sag2 = a2.fc,top'/fy.[1-(1-2Rn,sag2/(a2.fc,top'))].bw2dsag2, a2=0.85-0.0015fc,top', fy≤500N/mm
2N/A mm

2 cl.8.1.3

Sag steel prov., As,sag,prov N/A mm
2

Sag steel prov. utilisation, As,sag2 / As,sag,prov N/A N/A

Sag tensile stress limit utilisation, [sb1,SLS+sb2,SLS] / [sb2,limit] 2.36 59% OK

Tensile stress limit, sb2,limit = 0.60fc' 4.02 N/mm
2 cl.8.6.3

Sag prestress moment cap., fMu2,sag = f.{Ft,s,t,Fc,c}.{dps2-g.c/2}, f=0.65~0.850.85 4432 kNm cl.8.1.3

Depth of neutral axis, c 291 mm

Strand tensile strain, et,s,t = ep,s,t+eb,s,t = [Plt/Aps]/Ep+[(dps2-c)/c].ecu, ecu=0.003 0.0132 cl.8.1.3

Strand tensile stress, st,s,t = et,s,t.Ep for et,s,t ≤ 0.0086, else fpu-0.276/(et,s,t-0.007) 1816 N/mm
2 PCI

Strand tension, Ft,s,t = st,s,t.Aps | Conc. comp., Fc,c = a2.fc,top'.bw2.(g.c) 6100 6100 kN cl.8.1.3

Sag prestress moment cap. utilisation, [M1,sag+M2,sag] / fMu2,sag 80% OK

Beam ULS hog bending moment, M2,hog 2896 kNm

Stress coeff., M2,hog/fbw2dhog2
2
, f=0.85 3.4 N/mm

2 cl.2.2.2

Stress coeff., Rn,hog2/fc' = M2,hog/fbw2dhog2
2
fc', f=0.90 0.075 cl.2.2.2

Neutral axis param., ku = a/(gdhog2) ≤ 0.36, a=(As,hog,prov.fy)/(a2.fc'.bw2), g=0.97-0.0025fc'≥0.67, a2=0.85-0.0015fc'≥0.670.13 OK

Hog steel req., As,hog2 = a2.fc'/fy.[1-(1-2Rn,hog2/(a2.fc'))].bw2dhog2, a2=0.85-0.0015fc', fy≤500N/mm
26570 mm

2 cl.8.1.3

Hog steel prov., As,hog,prov 7238 mm
2

Hog steel prov. utilisation, As,hog2 / As,hog,prov 91% OK

Shear Design RC

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

Eff. depth to hog, deffhog2 = MAX {0.72h2, 0.9dhog2} 983 mm cl.8.2.1.9

Beam ULS shear force, V2 1365 kN

Ult. shear stress, vult2 = V2/bw2deffhog2 1.63 N/mm
2 cl.8.2.3.3

Ult. shear stress utilisation, [vult1+vult2] / (f0.55[0.9fc'(cotq/(1+cot
2
q))], f=0.75, q=29+7000ex)33% OK

Design shear stress, vd2 = V2/bw2deffhog2 1.63 N/mm
2

Enh. shear strength, deffhog2/av.vc (< (f0.55[0.9fc'(cotq/(1+cot2q))], f=0.75, q=29+7000ex))x 1.00 0.57 N/mm
2 cl.8.2.3.2

Distance, av 983 mm Note

cl.8.2.4.2.2 E.A = Es.As,hog,prov 1448 MN cl.8.2.4.2.2

RC vc = fkv.fc'; f=0.75; kv=[0.4/(1+1500ex)]; fc'≤65N/mm
2 0.57 N/mm

2 cl.8.2.4.2.1

cl.8.2.4.2.2 ex = 0.000 ≤ [|MAX(M=0,(V1+V2).deffhog2)/deffhog2|+|V1+V2|]/[2(E.A)] ≤ 0.0030.00169 cl.8.2.4.2.2

Minimum shear strength, vr = 0.08fc'N/mm
2 0.54 N/mm

2 cl.8.2.1.7

(Asv/S)1 > bw1MAX[vr,(vd1-deffhog2/av.vc)/cotq/f/(d/av)]/fyv, f=0.75, fyv≤500N/mm
2
 i.e. (Asv/S)1 >0.91 2.09 2.09 mm

2
/mmcl.8.2.3.1, cl.8.2.3.2, cl.8.2.5.2

Tried Asv,prov/S 4.83 mm
2
/mm

Vcap2 = fdeffhog2/av.(Asv,prov/S).fyv.deffhog2.cotq + deffhog2/av.vc.(bw2deffhog2), f=0.75, fyv≤500N/mm
240.8 2533 kNcl.8.2.3.1, cl.8.2.3.2, cl.8.2.5.2

Design shear links area utilisation, [(Asv/S)1 + (Asv/S)2] / (Asv,prov/S) 43% OK

Design shear resistance utilisation, [V1+V2] / Vcap2 77% OK

Deflection Design (Code Based) RC

Modified span / eff. depth ratio criteria = [k1.(D/Lef).beff2.Ec/(k2.(1/CMF).(wSLS1+wSLS2))]
1/3

Span, L2 N/A m

Span, L2 / eff. depth ratio, dsag2 N/A

Basic span / eff. depth ratio criteria, D/Lef = {1/250} N/A cl.2.3.2(a)

Multiplier k1 = Ief/beff2dsag2
3 N/A cl.8.5.4

Multiplier k2 = {1.5/384, 2.4/384, 5/384} N/A cl.8.5.4

Modified span / eff. depth ratio criteria = [k1.(D/Lef).beff2.Ec/(k2.(1/CMF).(wSLS1+wSLS2))]
1/3N/A cl.8.5.4

Deflection utilisation N/A N/A
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EC2

Deflection Design Based on First Principles

Code of practice for calculation of elastic modulus, E and eff. width, beff2

Creep modulus factor, CMF

Uncracked short-term, Euncracked,28 36.3 GPa

[BS8110-2:1985] E c,28 =20kN/mm
2
+0.2f cu,28 GPa cl.7.2

[IS456:2000] E c,28 =5000 f cu,28 GPa cl.6.2.3.1

[EN1992-1-1:2004] E cm,28 =22[(f ck,28 +8MPa)/10]
0.3 GPa cl.3.1.3

[ACI318-19] E c,28 =4700 f c ' GPa cl.19.2.2

[AS1170.0:2002]E c,28 =( r
1.5

).(0.043 f cmi )|( r
1.5

).(0.024  f cmi +0.12)|f cmi =0.9.(f c '+1.64s) GPa cl.3.1.2

Uncracked long-term (creep), Euncracked,28,cp = CMF . Euncracked,28 12.1 GPa

Cracked short-term, Eck = Euncracked,28 . [0.5-1.0] 36.3 GPa

Cracked long-term (creep), Eck,cp = Euncracked,28,cp . [0.5-1.0] 12.1 GPa

Structural Design [Stage 1: Precast Simply-Supported]

Beam (precast) area, A1 = %bw1.h1+2.nibb.nibh 100% 8830 cm
2

Beam (precast) centroid, xc1 = (%bw1.h1
2
/2+2.nibb.nibh

2
/2)/A1 410 mm

Beam (precast) inertia, I1 100% 6185 x10
3
 cm

4

Note I 1  = ((0.5+0.5%)b w1 .h 1
3
+2.nib b .nib h

3
)/12+%b w1 .h 1 .(x c1 -h 1 /2)

2
+2.nib b .nib h .(x c1 -nib h /2)

2

Beam (precast) top section modulus, Zt1 = I1/(h1-xc1) 100% 12611 x10
4
 mm

3

Beam (precast) bottom section modulus, Zb1 = I1/xc1 100% 15101 x10
4
 mm

3

DL of precast beam incl. nibs (line load), DLprecastbeam 22.1 kN/m

Note DL of precast beam incl. nibs (line load), DL precastbeam  = b w1 .h 1 . r c +DL nib

SLS beam loading (line load), wSLS1 103.6 kN/m

Note w SLS1  = SLS slab1 .t w1 +DL beam +DL nib

Beam (precast) transfer deflections, dTLS -3.2 mm

Note d TLS  = 5.DL precastbeam .L 1
4
/[384E ck .I 1 ] (if unpropped only) + M PT,st .L 1

2
/[8E ck .I 1 ]

Beam (precast) construction deflections, d1 0.9 mm

Note d 1  = 5w SLS1 .L 1
4
/[384E ck .I 1 ] (if unpropped only) + M PT,lt .L 1

2
/[8E ck .I 1 ]

Beam (precast) transfer and construction deflections criteria, L1/250 37.6 mm

Beam (precast) transfer deflections utilisation, |dTLS|/[L1/250] 9% OK

Beam (precast) construction deflections utilisation, |d1|/[L1/250] 2% OK

cl.8.2.4.2.2

cl.8.2.4.2.1

cl.8.2.4.2.2

cl.8.2.3.1, cl.8.2.3.2, cl.8.2.5.2

cl.8.2.3.1, cl.8.2.3.2, cl.8.2.5.2
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EC2

Structural Design [Stage 2: Insitu]

Beam (comp.) flange thickness, hf = insituslab 100 mm

Beam (comp.) flange eff. width, beff2 3650 mm

[BS8110-1:1997] b eff2 =b w2 +k 0 L 2 /(5~10)≤t w2 2250 mm cl.3.4.1.5

[IS456:2000] b eff2 =b w2 +(6~3)h f +k 0 L 2 /(6~12)≤t w2 2617 mm cl.23.1.2

[EN1992-1-1:2004]b eff2 =b w2 +(2~1).MIN{(0.1~0.2)(t w2 -b w2 )+0.1k 0 L 2 ,0.2k 0 L 2 }≤t w2 3650 mm cl.5.3.2.1

[ACI318-19] b eff2 =b w2 +MIN{(16~6)h f ,L 2 /(4~12)}≤t w2 2450 mm cl.6.3.2.1

[AS3600:2018] b eff2 =b w2 +k 0 L 2 /(5~10)≤t w2 2250 mm cl.8.8.2

Beam (comp.) area, Aeff2 = %bw1.h1+bw2.insitubeam+(beff2-bw2).hf+2.nibb.nibh 14180 cm
2

Beam (comp.) centroid, xc2 = h2-(((beff2-bw2).hf).(h2-hf/2)+(bw2.insitubeam).(h2-insitubeam/2)+%bw1.(h2-insitubeam)
2
/2+2.nibb.nibh

2
/2)/Aeff2529 mm

Beam (comp.) inertia, I2 22521 x10
3
 cm

4

Note I 2  = ((b eff2 -b w2 ).h f
3
+b w2 .insitu beam

3
+(0.5+0.5%)b w1 .h 1

3
+2.nib b .nib h

3
)/12+(b eff2 -b w2 ).h f .(x c2 -h f /2)

2

                (b w2 .insitu beam ).(x c2 -insitu beam /2)
2
+%b w1 .(h 2 -insitu beam ).((h 2 -x c2 )-(h 2 -insitu beam )/2)

2
+2.nib b .nib h .(h 2 -x c2 -nib h /2)

2

Beam (comp.) effect of composite and flanged section, [I2/I1] 3.64

Beam (comp.) top section modulus, Zt2 = I2/xc2 42569 x10
4
 mm

3

Beam (comp.) bottom section modulus, Zb2 = I2/(h2-xc2) 33566 x10
4
 mm

3

SLS beam loading (line load), wSLS2 190.0 kN/m

Note w SLS2  = (SDL slab +LL slab ).t w2 +SDL beam 

SLS beam loading (midspan point load), PSLS2 = SDLpoint 0.0 kN

Beam (comp.) incr. deflections, d2 2.5 mm

Note d 2  = w SLS1 .L 2
4
/[384E ck,cp .I 2 ] (if unpropped only) -  w SLS1 .L 2

4
/[384E ck .I 2 ] (if unpropped only)0.7 mm

                 + (w SLS1  if propped only + w SLS2 ).L 2
4
/[384E ck,cp .I 2 ] + P SLS2 .L 2

3
/[192E ck,cp .I 2 ] continuous internal span1.8 mm

Note d 2  = w SLS1 .L 2
4
/[185E ck,cp .I 2 ] (if unpropped only) -  w SLS1 .L 2

4
/[185E ck .I 2 ] (if unpropped only)N/A mm

                 + (w SLS1  if propped only + w SLS2 ).L 2
4
/[185E ck,cp .I 2 ] + P SLS2 .L 2

3
/[107E ck,cp .I 2 ] continuous end spanN/A mm

Note d 2  = 5w SLS1 .L 2
4
/[384E ck,cp .I 2 ] (if unpropped only) -  5w SLS1 .L 2

4
/[384E ck .I 2 ] (if unpropped only)N/A mm

                 + 5(w SLS1  if propped only + w SLS2 ).L 2
4
/[384E ck,cp .I 2 ] + P SLS2 .L 2

3
/[48E ck,cp .I 2 ] simply-supportedN/A mm

Beam (comp.) incr. deflections criteria, MIN{20mm,L2/500} 20.0 mm

Beam (comp.) incr. deflections utilisation, |d2|/MIN{20mm,L2/500} 12% OK

Beam (comp.) total deflections utilisation, d1+d2 3.4 mm

Beam (comp.) total deflections criteria, L2/250 40.0 mm

Beam (comp.) total deflections utilisation, |(d1+d2)|/[L2/250] 8% OK
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EC2

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, KS . vEd 5.86 N/mm
2

Longitudinal shear stress, 4.41 N/mm
2 cl.6.2.4

Change of normal force in flange half over Dx, DFd = KB.(M*-0)/z 1101 kN

Note M* = MAX {M 2,sag , M 2,hog }; Hogging 2946 kNm

Note conservatively factor, K B  = 0.5(b eff - b w )/b eff  employed even if neutral axis within web;

Lever arm, z = {zsag2, zhog2} Hogging 1.026 m

Thickness of the flange at the junctions, hf = insituslab 100 mm

Length under consideration, Dx 2500 mm

Note the maximum value that may be assumed for D x 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 D F d  is also calculated over D x based on a variation of moment of

~ M/2 - 0 say, it is deemed acceptable to use for D x 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, KS 1.33

For UDLs, K S  may be taken as 2.00 for simply supported beams, 1.33 for continuous

beams and 2.00 for cantilever beams;

Effective width, beff = beff2 3650 mm

Note for rectangular sections, b eff  equivalent to that of T-sections assumed;

Width (rectangular) or web width (flanged), bw = bw2 850 mm

Longitudinal shear stress limit to prevent crushing, 5.87 N/mm
2 cl.6.2.4

Design compressive strength, fcd 23 N/mm
2

                (b w2 .insitu beam ).(x c2 -insitu beam /2)
2
+%b w1 .(h 2 -insitu beam ).((h 2 -x c2 )-(h 2 -insitu beam )/2)

2
+2.nib b .nib h .(h 2 -x c2 -nib h /2)

2 with acc=1.0, gc=1.5 cl.3.1.6

Strength reduction factor for concrete cracked in shear, n 0.516

cl.6.2.2

Longitudinal shear stress limit to prevent crushing utilisation, (KS.vEd)/(nfcdsinqfcosqf) 100% OK

Longitudinal shear stress limit for no transverse reinforcement, 0.4fctd 0.60 N/mm
2 cl.6.2.4

Design tensile strength, fctd 1.50 N/mm
2

with act=1.0, gc=1.5 cl.3.1.6

2.25 N/mm
2 T.3.1

3.21 N/mm
2 T.3.1

43 N/mm
2 T.3.1

Characteristic cylinder strength of concrete, fck,top 35 N/mm
2 T.3.1

Characteristic cube strength of concrete, fcu,top 45 N/mm
2 T.3.1

Longitudinal shear stress limit for no transverse reinforcement utilisation, (KS.vEd)/(0.4fctd)978% NOT OK

Required design transverse reinforcement per unit length, Asf/sf > 1076 mm
2
/m

Note area of transverse steel to be provided should be the greater of 1.0A sf /s f  and cl.6.2.4

0.5A sf /s f  + area required for slab bending; Note K S  factored onto v Ed  herein;

Design yield strength of reinforcement, fyd = fy/gS, gS=1.15, fy≤600N/mm
2 435 N/mm

2cl.2.4.2.4, cl.3.2.2(3)

Thickness of the flange at the junctions, hf = insituslab 100 mm

Angle, qf Hogging 38.6 degrees

cl.6.2.4

Provided transverse reinforcement per unit length, Ae 1571 mm
2
/m

Required design transverse reinforcement per unit length utilisation, (Asf/sf)/Ae 68% OK
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BS5400-4

Longitudinal Shear Between Web and Flange Rectangular or Flanged Beam (BS5400-4)

Note that this check is performed for both rectangular and flanged section designs, although

theoretically only applicable in the latter case;

Longitudinal shear force per unit length, V1 = KS . DFd / Dx 627 kN/m

Change of normal force in flange half over Dx, DFd = KB.(M*-0)/z 1178 kN

Note M* = MAX {M 2,sag , M 2,hog }; Hogging 3129 kNm

Note conservatively factor, K B  = 0.5(b eff - b w )/b eff  employed even if neutral axis within web;

Lever arm, z = {zsag2, zhog2} Hogging 1.019 m

Thickness of the flange at the junctions, hf = insituslab 100 mm

Length under consideration, Dx 2500 mm

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

the point of zero moment;

Shear stress distribution factor, KS 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, beff = beff2 3650 mm

Note for rectangular sections, b eff  equivalent to that of T-sections assumed;

Width (rectangular) or web width (flanged), bw = bw2 850 mm

Longitudinal shear force limit per unit length, V1,limit 586 kN/m

(a) 675 kN/m cl.7.4.2.3

(b) 586 kN/m cl.7.4.2.3

Concrete bond constant, k1 0.15 T.31

Ultimate longitudinal shear stress limit, n1 0.80 N/mm
2 T.31

Surface type T.31

Length of shear plane, Ls = hf = insituslab 100 mm

Provided transverse reinforcement per unit length, Ae 1571 mm
2
/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, fy ≤ 460N/mm
2 460 N/mm

2

Longitudinal shear force limit per unit length utilisation, V1/V1,limit 107% NOT OK

Required nominal transverse reinforcement per unit length, 0.15%Ls 150 mm
2
/m cl.7.4.2.3

Required nominal transverse reinforcement per unit length utilisation, 0.15%Ls/Ae 10% OK
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EC2

Longitudinal Shear Within Web Rectangular or Flanged Beam (EC2)

Longitudinal shear stress, 1.18 N/mm
2 cl.6.2.5

Ratio, b = 1.0 1.0 cl.6.2.5

Transverse shear force (averaged), VEd = Vd*/2 = (V1+V2)/2 1026 kN cl.6.2.5

Lever arm, z = zhog2 1.026 m cl.6.2.5

Width of the interface, bi = bw = bw2 850 mm cl.6.2.5

Longitudinal shear stress limit, vRdi 2.33 N/mm
2

cl.6.2.5

Note c.f ctd  = 0.00 if s n  is negative (tension); cl.6.2.5

Roughness coefficient, c 0.400 cl.6.2.5

Roughness coefficient, m 0.7 cl.6.2.5

Design tensile strength, fctd 1.50 N/mm
2

with act=1.0, gc=1.5 cl.3.1.6

2.25 N/mm
2 T.3.1

3.21 N/mm
2 T.3.1

43 N/mm
2 T.3.1

Characteristic cylinder strength of concrete, fck,top 35 N/mm
2 T.3.1

Characteristic cube strength of concrete, fcu,top 45 N/mm
2 T.3.1

Normal stress across longitudinal shear interface, sn = 0 0.00 N/mm
2

Reinforcement ratio, r = As / Ai 0.006 cl.6.2.5

Area of reinforcement, As = Asv,prov/S 4825 mm
2
/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, Ai = 1000.bi 850000 mm
2
/m

Design yield strength of reinforcement, fyd = fyv/gS, gS=1.15, fyv≤600N/mm
2 435 N/mm

2cl.2.4.2.4, cl.3.2.2(3)

Angle of reinforcement, a = 90.0 90.0 degrees cl.6.2.5

Design compressive strength, fcd 23 N/mm
2

with acc=1.0, gc=1.5 cl.3.1.6

Strength reduction factor for concrete cracked in shear, n 0.516

cl.6.2.2

Longitudinal shear stress limit utilisation, vEdi/vRdi 51% OK
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BS8110

Longitudinal Shear Within Web Rectangular or Flanged Beam (BS8110)

Longitudinal shear stress, nh = KS . DFc / (bw.Dx) 3.06 N/mm
2 cl.5.4.7.2

Change of total compression force over Dx, DFc = (M-0)/z 4892 kN cl.5.4.7.1

Note M = MAX {M 1,sag +M 2,sag , M 2,hog }; Sagging 3923 kNm

Lever arm, z = {zsag2, zhog2} Sagging 0.802 m

Length under consideration, Dx 2500 mm

Note D x 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, KS 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), bw = bw2 850 mm

Longitudinal shear stress limit for no nominal / design vertical reinforcement, nh,limit 2.50 N/mm
2

Surface type T.5.5

Longitudinal shear stress limit for no nominal / design vertical reinforcement utilisation, nh/nh,limit122% NOT OK

Required nominal vertical reinforcement per unit length, 0.15%bw 1275 mm
2
/m cl.5.4.7.3

Provided vertical reinforcement per unit length, Ae 4825 mm
2
/m

Note A e  = A sv,prov  / S;

Required nominal vertical reinforcement per unit length utilisation, 0.15%bw/Ae 26% OK

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

Required design vertical reinforcement per unit length, Ah 5955 mm
2
/m

cl.5.4.7.4, Foreword

Note f yv ≤460N/mm
2

Required design vertical reinforcement per unit length utilisation, Ah/Ae 123% NOT OK

Note UT set to 0% if longitudinal shear stress limit for no design vertical reinforcement UT <= 100%;
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BS5400-4

Longitudinal Shear Within Web Rectangular or Flanged Beam (BS5400-4)

Longitudinal shear force per unit length, V1 = KS . DFc / Dx 2603 kN/m

Change of total compression force over Dx, DFc = (M-0)/z 4892 kN

Note M = MAX {M 1,sag +M 2,sag , M 2,hog }; Sagging 3923 kNm

Lever arm, z = {zsag2, zhog2} Sagging 0.802 m

Length under consideration, Dx 2500 mm

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

the point of zero moment;

Shear stress distribution factor, KS 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), bw = bw2 850 mm

Longitudinal shear force limit per unit length, V1,limit 2234 kN/m

(a) 7013 kN/m cl.7.4.2.3

(b) 2234 kN/m cl.7.4.2.3

Concrete bond constant, k1 0.15 T.31

Ultimate longitudinal shear stress limit, n1 0.80 N/mm
2 T.31

Surface type T.31

Length of shear plane, Ls = bw = bw2 850 mm

Provided vertical reinforcement per unit length, Ae 4825 mm
2
/m

Note A e  = A sv,prov  / 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, fyv ≤ 460N/mm
2 460 N/mm

2

Longitudinal shear force limit per unit length utilisation, V1/V1,limit 117% NOT OK

Required nominal vertical reinforcement per unit length, 0.15%Ls 1275 mm
2
/m cl.7.4.2.3

Required nominal vertical reinforcement per unit length utilisation, 0.15%Ls/Ae 26% OK

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

UT <= 100%;
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