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2.7 Load Transfer at Discontinuities

2.7.1 Meaning of a Discontinuity
Discontinuity /& geometry. support. stiffness 5 member arrangement 3Bl S# IAL B . ©A— BT structure A, HJEH
A H ) force flow 7] fE 75 T ) 4 HH Bl EE B 4B

F s building R A7 45 L2 column grid 52 podium grid A—%(. core wall 7EX: @I %4 . slab & large opening, LLK beam
depth ZSREGEE . (HRERE, JerEiBLef Bi=T AR, HiHmE free body, FHET force U{TEE i interface. #—14& upper column 7£3%:
JE#1E, 2% column i) axial force AN Kl 2 B A T — B column T2k, T AZEH transfer member &4, FHE R Hifib
supports.

2.7.2 Geometrical Discontinuities and Disturbed Regions

#E& 7 load. support reaction. opening corner /& section RE i, stress distribution 7] LAEL—f% slender beam region A [/, A
AL [plane sections remain plane | X f& & linear strain distribution {42 F 2% {F local region.

¥ RC members, T strut-and-tie concept B f# L disturbed regions: compression struts 3t force 1% supports; tension ties
4 system #EFF equilibrium; nodes /& forces ZZRE W B . 12 ZAEIRETEMS, TS strut-and-tie design. —{EE 15 Hi 2k HY
truss JEiR, ATh 2% E B R ATHR LAY concrete compression paths. reinforcement & anchorage. ANAER tension tie BAER A
reinforcement continuity A8 .

2.7.3 Additional Moment from Eccentricity
& force [¥ line of action MH¥# R 2F AL B W% e, HEIMEAE SR —{E force & moment:
M = Pe
{EIZ{E moment B bending i /& torsion, FFE force. offset & member longitudinal axis HIAH% 7517

%40 vertical load #H¥%1/% beam longitudinal axis AR {R#, (HA]HE% beam FEZE torsion. 35 load HE7E beam length 75 7] 2k 4 e
ez, RIEHE S JL 08 support reactions & bending distribution, 7~fE /%% torsion.

2.7.4 Force flow around openings

—1# diaphragm 7 7F £ % force flow & *F (i, forces T 4T opening /i 5% HIFf% slab A AHIH members £%ifi. Opening Ff3L 7 g
IREE ) shear. chord force J% collector force. T opening 552, EE1H K& load path. Wiflil area #H[FIH openings, & —
fEZEIL B E collector, 5 —{Hix i 3B force transfer region, 22 R UHIE. TREHGIA FEEUL force path # 2.

2.7.5 Interface and Connection Continuity

f£ construction joint. precast connection. steel splice S(/~[F] materials 22 7, EZFIEM 7 ZELUE axial force. shear K

moment. 4|l bearing detail 7] LA {2 compression, {2 #8518 tension; ideal pin T {54 forces, {E 424 moment restraint;

movement joint & % & 25734 J7 1] relative movement, {FANGE IR I A& 5% 5 7] 52 % force continuity. 7 detail 5, JE]
[iEfH interface RESIEEELE | , MAZ AR [WifHl members 254 | -

Worked Example 2.7 Eccentric vertical force
—{H& vertical force P = 400 kN, Ei457E support reference line ##E 0.25 m. #% force # %I7% reference line 1E4£3% free body:
Eccentricity Moment = 400 x 0.25 = 100 kNm

Equilibrium system 3% 400 kN vertical force &% 100 kNm moment, G RAREE L —IH, BHE A E moment HIEHE
member 431&; {/52BE % connections [ 544 stiffness.

Example MCQ 2.7

A vertical force of 400 kN has a line of action at a horizontal distance of 0.25 m from a reference point. Which equivalent
force system at that point preserves the external force and moment?

A. A vertical force of 100 kN only.

B. A moment of 100 kNm only.

C. A vertical force of 400 kN with no moment.

D. A vertical force of 400 kN and a moment of 100 kNm in the appropriate sense.

E. A vertical force of 1,600 kN and a moment of 100 kNm.

Answer: D
Explanation: Moving a force to a different point requires the original force plus the moment of that force about the new point. Here,
M = Pe = 100 kNm. A force alone or a couple alone is not equivalent to the original loading.
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2.8 Transfer Beams, Transfer Plates and Transfer Structures

2.8.1 Role of a Transfer Structure

Transfer structure % - /7 members [¥] loads, #4317 &8 arrangement A [F () T J7 supports. s BRI AE S L E R AR
M) column =¥ wall layout, 1fi podium. 35 Ek car park 7 E# K[ clear space.

Transfer level 374 & load path [I4%E . 5E /S EIBE % lower columns 5% walls, %] foundation % ground.

%42 transfer system I;, ZL[EI% ) force level. span. available depth. deflection. construction sequence X foundation
reactions. Member 5 /2% flexural strength = 2 Hip—IHER,

2.8.2 Transfer beam

Transfer beam T & #:—1{4&E 2 1% upper columns, LLAZi#EFH 1) wall B floor loads. Upper column reaction 7£ beam model 8 3&
IH % concentrated load, Ti3E—/# uniform floor load.

H: behaviour 1 geometry } support conditions, 7] L4t slender beam, 7] LIf5 B8E deep-beam action. RNEEH A LG [
transfer] , ffETEFTE transfer beams #1428 f [5]—7#& analysis model.

W R EEM A AITE H A5 flexure. shear. local bearing. anchorage. torsion, LAX short-term 1 long-term deflection. % load
B local force transfer 78 A gE R FER 1% beam 7 maximum moment F1J#f .
2.8.3 Transfer plate

Transfer plate 5%, transfer slab i%if plate action, 2 upper columns 2% walls #J loads 43EC % lower supports. Hi# upper X lower
support grids AT EEA [, load distribution £/ two-dimensional, ANFEATZE IR EAAHIET beam strips.

[ T global bending }% shear, 75ZBB{ % upper loaded areas. lower supporting columns [ffiT £ local effects, LA A%i# FH i punching
shear mechanisms. JEZBAAE AL local checks.

FEA N#] sharp point load 5% ideal point support FJ #¢ 2 £ = E & F ) results. Interpretation 75 Z%f8 actual loaded area. support
dimensions. mesh behaviour X JT] design method; AAEEEHEH — peak colour & {E 5% engineering conclusion.
2.8.4 Transfer Trusses and Other Arrangements

Transfer truss AJi%i# chords /& web members [ axial action, # upper loads % & [ supports. #48 pin-jointed model i # {&
#% loads Fifn#E nodes; # load ¥4 node 2 [, #H chord ATH B4 bending.

Transfer frame R 7] fE /K5 beam-column joint moment transfer. #4232 joints 4% release % pins, {FAIAEK L RER
transfer mechanism.

System EESTHER FRERNAEER
Transfer beam Beam action 2i# F 1) deep-beam action Concentrated load. shear. deflection. local regions
Transfer plate Two-dimensional plate action Support layout. punching. local force transfer
Transfer truss L) axial action %% Node loading. member stability. connections
Transfer frame Frame action Joint stiffness. bending X stability

2.8.5 Deflection and Superstructure Interaction

Transfer member deflect ¥, P 7KK upper column bases 7N &), 154 movements 5242 77 continuous beams. slabs
walls ] force distribution.

ik, [transfer member ] deflection & 5-{H B — ratio ] K ORI L2 elements %7 4£5% . B40iE deflection 354 7ET
fEfE RSB, LA AHIE members &R &5 CAFEIL 45 /& stiffness.

¥t RC transfer structures, cracking. creep /% shrinkage fJ L% effective stiffness /& long-term behaviour. ARZELLHEE; (LT
WE limit 2 Code ZEsK EEFESR FIAH I source 18 ITIZE
2.8.6 Propping and Construction Sequence

% transfer level 7E propped condition F#£5%, 77 loads 7] & 3% i props 845 T % . 55 props %%, load 7 4% & 1) stiffness
K sequence HH /T

WA 2 ) B AT prop reactions HMRL floors & foundations 7K. ANAg R IR transfer slab A< & i strength, T 2% T 7 18 &
construction-stage loading.

FHBE B % L B S TT 2% IStructE 1) transfer slabs ZUE &k} AT 1451 B8 H BIRE R 44 support conditions, & B transfer
system FHEX 4% simply supported.
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Worked Example 2.8 Off-centre column on a transfer beam

— {4 simply supported transfer beam AB & 10 m. Upper column [1] ~ {2 600 kN, load 7> A 577 4 m. ZH% beam self-weight %
HAh loads, A F1B AT,

Taking moments about A:

Rs x 10 = 600 x 4

Rs =240 kN Ra =600 - 240 = 360 kN
Maximum sagging moment 7 point load {7 & :
Mmax = 360 x 4 = 1,440 kNm

Load M35 (] shear H1+360 kN BkZE-240 kN; TEiZ ¥, shear ¥H —EZA%E, maximum moment 1/} IRTE point load jz. E7F
REERAM:  [maximum moment 7 zero shear] 1% continuous region =¥ shear sign change 1EREFEAR

600 kN
4m 6 m
A B
Reaction 360 kN upward Reaction 240 kN upward

Figure 2.1 Transfer beam free body

Example MCQ 2.8

A simply supported transfer beam AB is 10 m long. A column applies a vertical load of 600 kN at a point 4 m from A.
Ignoring all other loads, what are the reactions at A and B respectively?

A. 360 kN and 240 kN.

B. 300 kN and 300 kN.

C. 240 kN and 360 kN.

D. 600 kN and 0 kN.

E. 0 kN and 600 kN.

Answer: A
Explanation: Moment equilibrium about A gives Rs = 600 % 4/10 = 240 kN. Vertical equilibrium gives Ra = 360 kN. The load is
closer to A, so A carries the larger reaction in this simply supported model.
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4.13 Maximum Moment and Zero Shear

4.13.1 Understand What Maximum Means First

Maximum sagging moment &k positive M; maximum hogging magnitude #2#: & M [1] absolute value; maximum absolute
moment RILLER B FTE M| B% maximum moment ARy & &8, SR ELEE HZTEHEE sign 3L magnitude.

%40 cantilever (] M H fixed end [ =56 kNm %1% free end K2, algebraic maximum M 2%, {H maximum absolute moment
#& 56 kNm, frE7E fixed end.

4.13.2 A Smooth Stationary Point Is Only a Candidate

FET 140 1 interior region, dM/dx =V, Frll V =0 #2 stationary moment condition. F—#EFE V 7R/ 4 (1 sign: positive &
negative ¥J/f local maximum; negative % positive %}/ local minimum.

V = 0 IMR7% extremum. 140 local coordinate § LA metres £7x, V=322kN. M= kNm. f£§=0, V=0, {5V W%
positive, M FFEHEN, A local maximum B¢ minimum. HEEE] 5% w = -6¢ kN/m ] signed distributed load, if:3F full-span
downward UDL.

4.13.3 Do Not Omit Jump Positions and Boundaries

# point force KA E, V AILLEEH positive jump ZE negative, {f M 7E:%J& H T cusp maximum. BHEEREEE K A 4 shear #Z5H

i# %) applied couple, M A4 limiting values #Z %71 A\ LL#:. Fixed ends. free ends. beam ends /& H:Aih relevant boundaries
Fg#r. K global maximum |M|, R f# smooth regions fJ V = 0 &rifHEADEE.

4.13.4 Zero-shear Interval and Plateau

ER—HE V=0, HEF®EH applied couples, B M 7E:%Et % constant. 12 7] LAs24EZE pure-bending region; # K moment th 7]
AR ERALRIER], A% R i location.

fitn simply supported beam 7% 5% Wi fE 175 point loads, Wiffl loads 2 [Hi% 45 distributed load, 7Ei# & reactions F#Zl& V=0, M
% constant. NEA [ [ME—Z A E | i plateau 5347125 midspan point.

Example MCQ 4.13A

A beam has candidate moments of 0, +18, =30 and +12 kNm at all relevant boundaries, stationary points and
discontinuities. What is the maximum absolute bending moment?

A. +18 kKNm.

B. —30 kNm as a magnitude.

C. 12 kNm.

D. 60 kNm.

E. 30 kNm, occurring where the sighed moment is —30 kNm.

Answer: E
Explanation: Compare the absolute values 0, 18, 30 and 12. The governing magnitude is 30 kNm. A magnitude is nonnegative,
while the associated signed moment identifies hogging.

Example MCQ 4.13B

In a smooth beam region, V = 3§82 kN and M = & kNm, where § is a local coordinate in metres. What occurs at { = 0?
A. M has zero slope but no local maximum or minimum.

B. M has a local maximum because V = 0.

C. M has a local minimum because V = 0.

D. M has a jump.

E. An internal hinge must be present.

Answer: A
Explanation: V is positive on both sides of £ = 0, so M increases through the point. A zero first derivative alone does not establish
an extremum; the surrounding behaviour must also be checked.
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4.14 SFD and BMD Shape Recognition

4.14.1 Identify Segment by Segment, Not by Guessing the Whole Diagram

%4k point actions. support reactions X distributed-load boundaries, 1% beam 43E{. %:# open interval £ slope relationship #|
i diagram shape. Whole beam ) BMD =] LA[FIl§ %5 straight lines. parabolic curves X jumps, RiEZERA—# [EEELMHE] .

Loading in an open interval SFD BMD
w=0 Horizontal Straight, or horizontal if V =0
Nonzero constant w Straight with nonzero slope Quadratic

Linearly varying w with

nonzero gradient Quadratic Cubic

Polynomial degree R #i4:% [ Bt analytical form, “ANitiE diagram 7E zero line 7B /7. Integration constants H##%
equilibrium /% boundary conditions #5E -
4.14.2 Signature of a Point Action

Downward point force 4 SFD downward jump, 1M BMD f£#F continuous {E slope i(%#; pure couple 4 BMD jump, T SFD A
2% couple A& jump. #i[F—{r & KA point force & couple, Miffl diagrams T LL[FfE: jump.

Finite UDL intensity B 445 4% 1k R 205% SFD slope, A~€&rifif finite shear jump. Support reaction /& force, FiLit: SFD
signature EiFfth concentrated force #HF]; RE jump A&, TREHEE &~ support.

Worked Example 4.14 Reading a patch load

2% & 8 m simply supported beam, R7E x=2 % 6 m &3 10 kKN/m downward UDL. @y¥fi reactions %75 20 kN. £t 4.4 f]
numerical example A8/, E#I£E+H diagram shapes.

0 <x<2: {®F distributed load, V =+20 kN, BMD straight H.1%/n.
2<x<6: V=20-10(x - 2), SFD linear decreasing; BMD quadratic, Ji* x =4 m &% +60 kNm.
6<x<8: V=-20kN, BMD straight His/> £ %,

10 kN/m
a &
A B
20 A
E \
X 0
> \
_20 .
60 1
'E 40 1
=4
=
< 20
0
0 1 2 3 4 5 6 7 8
x[m] — positive V and M plotted upward

Figure 4.12 Patch UDL and continuous diagram transitions
x=2 & x=6m %A point force & couple, FrLl V. M % BMD slope ¥J continuous. SFD 7£ig i B4 corner; BMD HIj&
tangent i#E44 [ straight-to-parabolic transition, A~ sharp kink.
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4.14.3 Cross-checking the Three Diagrams

{2 units: load intensity ) area 753 force; SFD K area 5% moment. 5% {2 direction: downward w ¥}/ SFD [
# N W% positive V EHE M [HA47 80, 55 =12 endpoints & jumps /& 75 £ support / load model /7% .

#iltn—BR A distributed load, {H SFD #4% F %, fHEL dV/dx = -w A%, XUKA applied couple, BMD ANZS/RBEE, fHi7F i H
Hike A model B .

BMD f#] polynomial shape A~ EL#:48 H support type. AH[E R EE straight segment 7] LLHIRAT simply supported., cantilever B,
continuous beam; %8R4 boundary conditions % 52 % loading.

Example MCQ 4.14A

A nonzero UDL stops at x = a. No point force or concentrated couple acts there. Which description is correct?
A. Both V and M jump.

B. V jumps but M remains continuous.

C. V and M remain continuous; the SFD slope changes, while the BMD slope remains continuous.

D. M jumps while V remains continuous.

E. Both V and M must become zero at x = a.

Answer: C
Explanation: A finite change in w changes dV/dx, not V itself. With no force jump, V is continuous; therefore dM/dx is also
continuous. A finite load-intensity transition does not create a moment jump.

Example MCQ 4.14B

In a smooth open interval, the SFD is a non-horizontal straight line. Which loading and BMD combination is consistent
with the beam relationships?

A. Zero distributed load and a linear BMD.

B. A nonzero constant distributed load and a quadratic BMD.

C. A point load at every section and a constant BMD.

D. A nonzero linearly varying distributed load and a linear BMD.

E. A pure concentrated couple and a cubic BMD throughout the interval.

Answer: B
Explanation: A constant nonzero slope of V gives a constant nonzero w = —dV/dx. Integrating the linear shear gives a quadratic
moment function in that interval.
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7.8 Punching Shear

7.8.1 Two-way Shear Transfer near Concentrated Supports

Flat slab 4% distributed floor loads 1% %] column [, column [ff i [ slab 24 ZE4 load ££ FR BN # /NP SZ AT AR . Punching shear AT
column J& BT AR AR T, A& BLVE — 1% beam section i 7 one-way shear A [f]. Flexural reinforcement 4 /£47 moment
resistance, A& H#{##% slab—column connection BEHIE 4 & reaction.

¥1E5E control perimeter, &2 H NEFIE 15 free body. # column reaction [7] I i 3% & 15/ floor load [ T, crossing perimeter ]
net vertical shear ZWi# 2 % . Reaction EZ[11 load 278 H F]— load case % [{]— factor basis; ANA[HE4:#E tributary floor load
BH—Ik, AR A E&ED perimeter £ AN A

7.8.2 Average Stress Is Not the Maximum Stress Everywhere

HEEHEERSENHEEN, TTH v = V/(ud)sT 5 F shear stress, u 242 perimeter. d 7% effective depth. #1E7E
unbalanced moment. edge 5% corner column. #5iT opening, perimeter X stress distribution ¥ G5 . Punching design 14
BHE R AETA 474828 A perimeter offset.

#4110 slab depth. #% drop panel 5% column head. Bt #i# % anchored punching reinforcement, AJfEEk#ET /), (E& ENFRE T
# load path X i@ BR#. AR e RTE column 5311 top flexural bars {EEAFHLETHT punching &,

Supplied control perimeter u Downward enclosed load gA

SRAN\Z

Total downward perinjeter shear V = R - gA

Plan: enclosed area A Upward reaction R

Figure 7.8 Free body inside a supplied control perimeter. Net shear equals the upward reaction minus the downward load enclosed by that
perimeter.

Worked Example 7.8

An interior slab—column connection has an upward design reaction of 900 kN. The specified square control perimeter has u = 8.0 m
and encloses 4.0 m? carrying a downward design load of 15 kN/m2. Take d = 200 mm. Assume concentric transfer and a uniform
shear-stress model. Find the net shear and average stress at this supplied perimeter.
V =900 — 15 x 4.0 = 840kN
V. 840000
~ud 8000 x 200

The result is a demand, not a resistance check. No punching capacity has been supplied. A design with moment transfer or
openings would require the applicable non-uniform stress and effective-perimeter rules.

= 0.525 N/mm?

Exam Trap

VI(ud)F 11 V A2 N RZEA column reaction; S perimeter NIE MR loads. Average stress tH/RNGETES moment transfer s B
$EE il maximum stress.

Example MCQ 7.8

A flat slab passes its flexural resistance checks. An opening is then proposed close to an interior column. Which is the
best next action?

A. Accept it because flexural resistance proves punching safety.

B. Increase the column reaction by the opening area alone.

C. Ignore it if no longitudinal bar is cut.

D. Reassess punching transfer, the effective perimeter and local detailing.

E. Treat the column as a free edge without examining the geometry.

Answer: D
Explanation: An opening can interrupt the load-transfer region and alter the effective perimeter and local stress distribution. Its
actual location and size must be considered; flexural resistance alone does not resolve these effects.
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7.9 Bond, Anchorage and Development Length

7.9.1 Bar Force Must Transfer into Concrete along Its Length

Bond ! bar force HI%#1L{# A surrounding concrete. ¥f straight circular bar & {t19%) bond model, 18 /jfif /2 bar
circumference ¢ embedded length, T4/ bar cross-sectional area. 77 length BUAE develop 1] force; 7E4H A steel stress
J% bond stress ¥, bar diameter #°K, Fr#% anchorage length & .

HFZ bond WA length ¥J4)40 46 . Rib bearing 7T 5| #2 [ concrete ) splitting; cover. bar spacing. transverse reinforcement.
casting conditions % concrete strength Y8228 % . Rt RER —HERATEE confinement F1(f) bar, {#E &4 anchorage [
TR

7.9.2 Anchorage and Development Are Force-transfer Issues

Development length #1745 52 bar force Fr 75 /)& &; anchorage Wi X straight embedment. bend. hook B fth&%3%=t
) mechanism. Hook AN &L & & nl#H 19 4% ¥ capacity, 43 compression anchorage 7] 554 & tension detail. #HEd
code #lE A,

7£ ideal section analysis " {E7% steel i F|H— stress, BT detail f545% force BB 5. #7 bond splitting B pull-out 25354, H
15 As K fy 541 flexural resistance ff AR RE TR

Bond force on bar opposes the applied pull

Embedded length |; bond area = ngl

Figure 7.9 In a uniform-bond idealisation, the embedded bar transfers its end force through its circumference over length I. This is an equilibrium
model, not a universal detailing rule.

Worked Example 7.9

A straight 20 mm diameter bar must develop a tensile stress of 400 N/mm?2. Use an assumed uniform transferable bond stress of
2.0 N/mm? over the full circumference. Ignore end bearing and all code detailing factors for this equilibrium exercise. Find the
required embedded length.

T X 2072
= — X 400 = 125664 N
T = mnpl
_ o 20 x 400
=& T axz0 _ L000mm

The assumed model requires 1,000 mm. This is not an approved code anchorage length: cover, confinement, bond conditions,
minimum lengths and other applicable detailing requirements remain to be checked.

Exam Trap
Bond area % Trol, steel area & T@%4. M EIRYE & 15 2I5EER units B bar-size trend. Development length A2 [ K [FTrE 1S
—%5 T8 diameters] .

Example MCQ 7.9

In the uniform-bond model | = @as/(4T1), both steel stress and bond stress remain unchanged. What happens when bar
diameter increases from 16 mm to 24 mm?

A. Required length becomes two-thirds of its original value.

B. Required length is unchanged.

C. Required length increases by a factor of 1.5.

D. Required length increases by a factor of 2.25.

E. Required length becomes zero if the bar is ribbed.

Answer: C
Explanation: Length is proportional to diameter under the stated assumptions. The ratio is 24/16 = 1.5, because bar force scales
with diameter squared while bond force per unit length scales with diameter.
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7.10 Lap Location and Reinforcement Curtailment

7.10.1 A Lap Is Not Two Bars Welded Directly Together

— % non-welded lap splice %25 —#R bar B2 concrete [ bond, FfHi concrete 3! force 2 355 — 4K bar. Lap region 7% £ % length
. spacing % confinement; IR bars 7 -2, AR force O H 5L R . K& bars 7E[F— section lapped 758 &3 /i
JRER 8 )75 3Kk & congestion.

i# lap location JEMITE & load cases [ force envelope. moment reversal. ductility 755k &t T {71, H{f gravity load case 1%
moment 7 &, 7t wind. pattern loading B — construction stage FJ ¢ &1k demand { & . Staggering 7] LA43#{ splice demand
, {ER€r %k lap length X transverse detailing checks.

7.10.2 Theoretical Redundancy Does Not Permit Immediate Curtailment

Curtailment 57 required reinforcement envelope, P& force development. shear-related tension % code Z3K 1] extension.
Bar 1] force A& 7E theoretical cut-off point TR MMM E MR T ; HARER ZF(H section moment /A%, B EZEFTH bars #7]
=ik,

B AR HE T continuity. minimum reinforcement % support anchorage, 47 construction-stage load path. LT IREIEAESH

extension E#:44E, RoRHUN{TIE S theoretical point B2 physical bar end, A3 code curtailment rule.

Theoretical point Required end

Bar retained

0.60m

s=0 240m 270 m 3.00m

Proposed end

Figure 7.10 A supplied theoretical cut-off point and the physical bar end are different locations. The shown extension is an explicit example input,
not a general code value.

Worked Example 7.10

Along a beam, coordinate s is measured from the left support. A supplied reinforcement-demand envelope permits a particular bar
to become unnecessary beyond s = 2.40 m towards the right. The detailing requirement supplied for this example is an additional
0.60 m extension in that direction. A proposed bar end is at s = 2.70 m. Find the earliest permitted end under this supplied rule and
the shortfall.

Sena = 240 + 0.60 = 3.00m
Al = 3.00 — 2.70 = 0.30m

The proposed end is 300 mm short of the stated requirement. This exercise does not establish that the supplied 0.60 m satisfies an
actual project code check; it only applies the explicitly given rule.

Exam Trap

Zero moment. bar force T 724 developed X TJ cut off, & —{EA[EFIE. Lap location /N ANGE R [ support] B¢ [AFE
midspan | {EIBHZZE.

Example MCQ 7.10

Which statement best describes a conventional nhon-welded tension lap splice?

A. The two bars transfer all force directly through end-to-end steel bearing.

B. Force passes through bond into the surrounding concrete and then into the overlapping bar.

C. Any visible overlap is sufficient, irrespective of length.

D. Staggering eliminates the need for confinement checks.

E. The splice can always be placed at the maximum tensile-force section without further assessment.

Answer: B
Explanation: A lap is a bond-mediated transfer region. Its length, spacing, confinement, stress level and location matter; overlap
alone does not demonstrate adequate force transfer.
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11.7 Load Input and Combination Errors

Load input 4% 25 Jf i B — basic load case [, 135 units. direction. globalllocal axes. loaded area X self-weight setting. Area
load & /% line load F5 4% %} tributary width; surface normal load £ global vertical load ¥R H /] LR .. N5 H & 4480 20
location /% eccentricity .

Self-weight [ ft i1 software HENA Ak, FETEIEMEIA . Combination 7R A& [F— action B factor, BT [FIMIBRRS Ilae B A
FEK{EH . Pattern loading. wind direction 54 |/ AF action ZB1%¥8 72 design basis . Ffg Nl —F L ME case.

Linear superposition X 748 & linear model X [&] 7€ stiffness. boundary conditions T f%37.. Tension-only. contact. plasticity 5
large-displacement response HJ gef¥ [ e B /4T FEAHIN] B4 combined-load analysis /.

Worked Example 11.7

A beam receives an area imposed load of 5 KN/m? over a tributary width of 3 m. Its permanent line load is 10 kN/m, including self-
weight. For this example only, the supplied combination is 1.2G + 1.5Q. Find the combined line load.

Q =5x%x3=15kN/m
w =12 x 10 + 1.5 x 15 = 345kN/m
Do not add self-weight again: it is already included in G. The supplied factors are example data, not a universal code combination.

Exam Trap: load case LR IEHEARRE input IEFE; 5% units. direction X total applied load, & combination &%

Example MCQ 11.7A

An area load of 4 kN/m? acts over a tributary width of 2.5 m. What equivalent uniformly distributed line load acts on the
supporting beam?

A. 10 kN/m

B. 1.6 kKN/m

C. 6.5 kN/m

D. 10 kN/m?

E. 0.625 kN/m

Answer: A
Explanation: The line load is area load multiplied by tributary width: 4 x 2.5 = 10 kN/m.

Example MCQ 11.7B

A permanent load case includes automatic self-weight. The engineer also applies the same member self-weight manually
in that case. What is the direct input error?

A. Self-weight has been omitted

B. The member stiffness has been halved

C. The supports have been released

D. The imposed load has been reversed

E. Self-weight has been counted twice

Answer: E
Explanation: Both the automatic and manual entries represent the same physical action, so the case contains duplicate self-weight.
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11.8 Reading FEA Output

38 output JiE 1 deformed shape Bii#f, 7 reactions. member forces }% local stresses. 2:#% ¥t load case B{ combination. units
. axes. sign convention } scale factor. Jfk deformation [ F 2R ##58 behaviour, M¢AEEFE movement [ B £ <) [

Beam actions. shell resultants /% solid stresses 7& /5[] quantities. Shell bending moment & LA moment per unit width &7, 10
kKN m/m, ANAEEEE % beam ff KN m. Top/bottom stress /% local axis J5 [l 7R 2B A% %} software E35, JLHAHAS elements
normals A — %,

Envelope 1) &{# maximum KR H 7 — load case. FEFRIFEMAR N. M K&V E, JERELE— combination ] coincident values
; TE4%# independent maximum HHE—E, EHEAFEIRE—EEIE equilibrium state.

Worked Example 11.8

A shell result reports a uniform bending moment resultant of 25 kN m/m across a 2 m wide strip. Find the integrated bending
moment across that strip. Assume the reported component is the one acting about the required strip axis.

M =25%x2=50kNm

The multiplication is valid because the resultant is uniform across the stated width. For a varying distribution, integrate the correct
component across the section rather than multiplying the peak by an arbitrary width.

Exam Trap: maximum N. maximum M % maximum V B[ g8de A [F B HBE; envelope 78k B 81 BB — load case.

Example MCQ 11.8A

A uniform shell moment resultant is 18 kN m/m across a 3 m strip. What is the integrated moment across that width?
A.6kNm

B. 18 kN m

C.54kNm

D. 162kN m

E. 54 kN/m

Answer: C
Explanation: A moment per unit width must be integrated across width. For a uniform value, the result is 18 x 3 = 54 kN m.

Example MCQ 11.8B

Why should coincident axial force and bending moment be extracted from a specified combination when checking
combined action?

A. Every envelope maximum always occurs simultaneously

B. The separate envelope maxima may come from different combinations

C. Bending moments have no units in an envelope

D. Axial force must be zero whenever moment is maximum

E. Combination identification is irrelevant to equilibrium

Answer: B
Explanation: Independent extrema may occur under different loading states. Coincident values preserve the actions associated
with the selected combination.
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11.9 Detecting Unrealistic Results

AL B E RS B0 B 13 relative separation. restrained DOF 4 JETEH] movement. #1#% model 7£ %%
load T H BRI AL FE response. reaction A~ & LLSP#ifar i, 3¢ deflection 4% fhif 5 B4 5T . JLHERR plot 32, HZEiE
input A model.

e 201

Duplicate nodes. # merge [¥] mesh. #45% release. rigid link. section orientation /% units #fi 1] A& R . M) stiffness sk
stiffness 71 1] G4 ¥UE &4 ill-conditioned. Solver 5&i{ilF A% 52 model 1E#; warning B non-convergence 7874 fiftkE, AgE LU
contour Bt

¥t linear static case, JGLLER5E# load J% reaction vectors, i LL—Z origin 1% ¥t moment equilibrium. a2 25847 structure,
cut-section forces /& boundary actions tHA2HET N . REA-TF# AT HIFEL actions i& %, A RE.RIH]E software tH# .

Worked Example 11.9

A complete linear static model has 1,000 kN downward applied load. The reported upward support reactions total 760 kN. No other
vertical boundary action exists. Find the force imbalance as a percentage of applied load.

Imbalance = 1000 — 760 = 240 kN

Rt'—240x100—24 t
atio = 7505 = 24 percen

This is a substantial unexplained imbalance for the stated complete model. Check that the same case, all supports and all applied
loads have been selected before accepting any design output.

Exam Trap: 440 deformation scale R #E 1%, A~ €{EIE displacement; [analysis completed| 75/ engineering
acceptance.

Example MCQ 11.9A

A beam model appears disconnected at a location intended to be continuous. Which input should be checked first?
A. The magnitude of the applied load alone

B. The specified material yield strength alone

C. The partial factors used in the design check alone

D. Node connectivity and unintended releases at that location

E. The member self-weight density alone

Answer: D
Explanation: A discontinuity in the intended load path is directly associated with connectivity or releases. Changing load magnitude,
strength or density alone does not restore a missing mechanical connection.

Example MCQ 11.9B

A complete static model has 500 kN downward load and 450 kN upward reactions, with no other vertical boundary action.
What is the imbalance relative to applied load?

A. 10 percent

B. 5 percent

C. 50 percent

D. 90 percent

E. 111.1 percent

Answer: A
Explanation: The missing balance is 50 kN. Relative to 500 kN applied load, this is 50/500 x 100 = 10 percent.
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