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Abstract

Drawing upon the instructional contents for calculating the load-bearing capacity of normal cross-
section of reinforced concrete (RC) members subject to axial forces, as delivered in the course enti-
tled “Metro” for undergraduates, a deductive methodology for calculating both the tension rein-
forcement in axially tensioned members and the compression reinforcement in axially compressed
members are analyzed and presented to be easily comprehended and mastered by undergraduates
in this paper. Furthermore, through a systematic investigation into the static equilibrium states of
concrete members under axial tensile and compressive loading, a pedagogical scheme for calculat-
ing the load-bearing capacity of axially loaded RC members is developed. Practical application of
this pedagogy in the course entitled “Metro” demonstrates that it not only effectively augments the
capabilities of the undergraduates to design the reinforcement detailing of axially loaded RC mem-
bers related to reinforced concrete structures used in metro rail system, but also help guide under-
graduates to setting up awareness of making innovative thinking, as well as to achieve the teaching
aims as planned.
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Figure 2. Elastic deformation of beam and its cross-sectional stresses
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Figure 3. Compression zone and tensile reinforcement of singly reinforced beam with rectangular cross-section

3. BEEREERZEXMZHNE

P 3(a) N T SCR R —/NBEI AR AR, 1] 3(b) BN AT o B 3(b) P A2 B AR A I (1R H R IR
BRI TEREN by LN by as N SZRAN I 0 /E ) R BRI 2 A G RS, B U R
SR LA mm THe AR 3 R OF B AR A A2 AN AR AR T T AR A, VR T SRR LA 1A R AR
N Aoy PIEHEILL mm? o T34, K A, I GRS BRI A2 1081l o JUJAA 75 VR e T IO C A % p
e VR o - v 2 52 AN (R R T T AR A, 5 SRR IR R AR A 2K AR 4o LR AEL, B

poth A (1)

A ho IR IEBIH A RS, ho=h—a,, mm. R p W H L%ER.

TEVHPEREE LRI p RSB, BE— B UHRIREE LA BN ECHZE pmin AR pomax F
Mhx. FER 3, SRR AN b IR T S I X R R s VRAE T IO PR SR BTHEDN £ A
e T P S S A A BRI T AR Ao SNSRI AR PR 9 BE BT AN S o B A B 52

DOI: 10.12677/ces.2026.148652 699 ClE e E= R


https://doi.org/10.12677/ces.2026.148652

R %

JE DX VR SR ROE T N T B0 R EU3]-[10]. 4REE - L T BT R B 5T CSO BT HL o0 = 1, 247R
ST RIS E KT C80 IFHL o = 0.94 [11] [12].

G B~ 3 FoR sz # P AE R R B A IE A R UM BN AR, e S B 1
RS R LL I % p K. RABELAIZ p MK/ FBA R A 73 A D i BRI e A5 R BB R A
T& R ROR

BB /b 2R, w2 dR MBI MR IEf 3 PETR, S2h X AE L R AR RS 24
A 7 i R N IR B, A AR T RS, B RE AR K, ERAERN R AR . LI SR R bz
JE X R & PR R R I RE RS R R . RRAEMERIR, EHRMR, E TR RN
T

MR AR TR L R R X BB AL 2, BIRERE K. HREETHR P EH FZEX M
TRAE L R, 52 s DB 5 B RS ) A FF R B Hpihr i IR B . B R AR RRIRI B EAN K, A B
RRITIE, ZENECE B2 RN B A B s b R ) R RIS B A KA, XM R TE T
TR 75 BB S

FIT RS 5 e FE AR A AR A B R R BRI, 24 X AN B S R AR B e ik, R 4ERE LR
RN ARAR, Jek A B AN AT, A 2 I X TR A B4R PR R 5 R T A AR AR . AR R AR BT
PN RGBT BN, AIATOR, 8T REMERIN, JEH RN SR B B m R s R 2
T DX VR B e S 9 B () S S AR B ORI, R TR T Y .

e TR B L EC R p AR, FHRZENHERER NHIAEAM AL, BUIE BN
F3 T B A A BT 5 M 1 LR /NEE A 2 ponin PR R C 7 2 prmaxce

PRI VR e LA R R p e S, EE MM TR, RE RS LR
(GB/T50010-2010) (2024 hix)H1 45 H BB /NEC A28 pmin FITHEL A N[ 1]

A A

s, min

= — s, min 2
pmln A bh ( )

A A, TR EE A 452 0080 5 ¥ e N AT RO AR, mm ;. A, TR E LA R F IE AR T T A, mm?.
HARKSE FER . deah,  QREELZH¥ T FREE) (GB/T50010-2010) (2024 fR)FIEHE T VR B+
{52 74N () B /INFC 5 2R i FI[11]

A
pmin :S’—mmZmaX E’ﬂxi (3)
bh 100 100  f,

A TR B O PR R TR, Nomm 2, f, 32 2l 0 i A b s BE ¥l Nomm 2,

Br 1SS A IR e A — I B R N R AL, 3B T EIR SR G LA P R REC R pmacs
et IR A O I LR o A SR A WA TR A T R ORI 3 e IR, 7 BTN A TR 58
2B R R TR - 32 DX R ey AN B2 IS X EE & DU FBR 52 B IX R & MR . 5 LAI 3
AN BRI IR B 915, TR S IR AT IR 32 X e B & il AR AR VR e A 1 I A T 55 R T 18 AT
T 52 I X R BE x5 H IR A 2GR L ho HOELAEL,  RD

¢= “

X
hO

LRGP RS TR R P AR IR BRERE I FRARAS I, S IX (SN A B e AR, Rl
AN b VR et BTABUR SR AL, BRI Bk A AR AL 38 5 AR 575 1 S IRBOVIR S, R S 5%

DOI: 10.12677/ces.2026.148652 700 ClE e E= R


https://doi.org/10.12677/ces.2026.148652

bR %

RO I F) BTE Hr IR Bt - B s X R B x PR S PR B TS IX TR P s HL 5 SR LT A 28050 FE. o 1) ELABLAE R
AR IR Z IR =, 1 & 2om, B

_%
S )
B 52 X R AR I 3t £, » T2 40 X SRR AR R A, FLF 2 4 T HELT
Wik, B
o fbx, =Af, (6)
HRERARE), HHe I
% _ A S
* = bhy arf, Q)
S Ao BT SR P 222 LRI (05K RR % s WA
AS
Pmax = bho (8)

K @A) AT 2R EE LA F IR KB pmax FIRIE S

A a, f.
= _S = c 9
p max b ho é:b fv ( )

3 P 1) B SRR

Tl A2 I W VR 5 152 2 ) H B A 23 T 5 ) IR 3K 4 T A PR R R SE BRI A 2 p > P YT
SRR IR BRI () S5 R T N ) BT 52 e X e > o, B E> &y JUIRAMA Hr 52 DX 55 14 2 g4 /S
TR, MR TN . 1 4R EE 52 2 R B SERREL 2R p < pmax T, 5225 R AERAR IS
HAERGETE N S BRI 2 R X R B x <xp, B E< & TISZRL XA (BB T H i s 2, TR 525
K8 T & AR o DRI AE R PRS2 DX e & 3ol A2 FH SRR B 32 25 R 2 15 R A s (R AR o AR
TR R X =R & MBUE TR YR CIREE LS5 FRitE) (GB/T50010-2010) (2024 hi) e BUE[11]. B
AR THAM TR LA RIS, TR T2 R S RO T R I (9 52 TR IX 15 BE x AR 52 X 1 B s
DA S BRI A 26 p W /2 DU 2RI, T DU BT i vt A A Vi vt L 2 S M o A 2, B

x<x, =¢g,h
$<&, (10)
A o f.
< _ s _ 1J¢e
,D pmax bho 5}1 fy

s 4 7 B SURIRT

B T S AR AN, LR o TS U A T AT TR O T R E B A A
IR X AR A R AN R . U2 455 M ORVE ) F AL RE R (R BB L 4 .

V2] 4(a) JorbO 5 St S S5 M ORI 3 F A P ORETR, 1] () Jodiei 2 0 EE A T B L LT 58,
] 4(0) 0 a! RN TR 2 0 FE P S S MR 2 PR OB RS, B0R mm, HLAY = h—a! . T
AR AORER, #08 mm?, HASKAN. Ya =a s b=k LA =4 K
SRR 55, 75 00 A T T FRAC A o 72 4 P B HE T Y g2 L0 T 1SR 2 40 5,
T4 90160 5% 40 9 I B 40 0 U P 4 PR 0 2 A OB B 9 A A2 A 0 . 2 T

DOI: 10.12677/ces.2026.148652 701 ClE e E= R


https://doi.org/10.12677/ces.2026.148652

R %

ARt R AR ) A I (R SR T R B L PURVERE . ARV L P 2 RO SRR b R AR A 75 T e - e
A2y M52 A P 1) TE AR T AR 38 v SRS 5 1t TV

AL BRY 6

AT
0, .
M{/' £
(E*, | Q4M> o
= F =
a B
RN AR Y Sy AL LD Sy B As
(a) AR AR Y (o) P AR T IEAR T

Figure 4. Doubly reinforced rectangular beam and its load bearing model
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Figure 5. Normal cross-section of lower chord and its reinforcement in a roof truss
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Figure 6. Bearing mode of column with common stirrups under axial compression
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Figure 7. Bearing mode of axially compressed column with spiral stirrups
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Figure 8. Bearing model of spiral stirrup
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Figure 10. Reinforcement detailing of concrete column under axial compression
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Figure 11. Loading model for triaxial compressive strength of rock specimen
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