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TR PIREHYSE — (B SERAAL ¢ 1AL (R —ARAVIEIGAR S — [ SERAT - DU T aite
SRS B DA HIER AL MR -

(—) #
8 AR E M = PN R B > R RO AE LR (E /T FE 300

kg/em?® % 400 kg/em? 7 [ » Horf DL =AY 8 /S (8 - F R B (R AR B LR

BE -
8
NHRBE— SR =R ADRA T IR TR (E
00 IF~3FfE (P5) sk
600 IF 1+
38 <00 35¢cmX35cm
?E% 400 2F =
Ha 30cmX30cm
%‘-E 300 SRR
Q
g 100 W4~ W7
2, ) ot

w1 W2 W3 W4 W5 W6 W7 W8 W9

—&— 1F 412.7 333.3 319.7 357.5 309.5 354.0 307.9 296.2 453.1

2F 301.2 340.2 384.0 299.5 301.2 355.8 214.1 359.3 394.7
—&—3F 416.3 432.8 364.5 434.6 443.8 180.5 384.0 357.5 348.8 /E[J%‘Jjﬁl

BRARR © Atseegsd

(=) SNE

9 BAREE 2 =t MEE BRI R ORI E > DL
— R AR SR R o i = MEHYSRE (R 5 [ 10 2 AR DU R [ R Ph A
SMNEIHEEERYE A T HARRE (E > BE MR - PRI E iR SRRy & 11
AR E - E IR S MR A T R ESRE(E - DIPUAY B R E 12
BN TR — 1 = e I R A AR > DA— RS i S - 1T =A%
IR » R F 300 kg/em? 5 [ 13 2/ HEHGE — 18 22 DURERE BRI fm R 0D EE B 1
WEIREE - DI o HERY T 2 VUEEUELE 400 kg/em® EF -

33



SR BB R U R R R R L TR U R FR

& 9
ONPRE R A8 ARV I R S M R T AR (E

LF~3F4ME (P5/f (A )

/f:'% 600 . 1F~3F % &
/j: 500 YT T T Imses= Ve —e - d o __ - E& E25cm
fa 400
& 300 3F A2
B 500 — . —* T B 7E 9845
J& G RIE
O‘E 100 T o
g 0
B, w11 W13 W12
- %- IF 527.4 502.3 456.9
2F 455.0 517.7 382.2
—A—3F 236.1 203.3 268.2 SHIFEBEr
BRI © AHftreaa s
10
ONERFCE VIR RN (A B R A L AR R T (E
AFSMNEE (FR&PH)
700
SE 600
Bt
J- 500
%S: 400
% 200 et
& 200 4F [&] jith
S, 100 JE25¢cm
0

4E7 4E8 4E9 4E10 4E11 4E12 4W13 = 4w1i4
4F 3593 194.2 = 206.4  239.2 1926 | 212.6 @ 296.2 3231

PRl A

BRI © Atresa s

34



SR BB R U R R R R L TR U R FR

& 11
IR VI A MR At T A RREE

IF~4F/MiE (FE)

. 700
%% 600 N et
+ 500 1F~3F & =
B 400 A = A
B 300 30em
58 200 M
i53 100 - — — = 4F [# % E
0@ 25cm
g 0 s1 52
M- e- 1F 553.0
2F 335.0
—a—3F 387.5
—— 4F 198.7 162.7 e
M E BT
BERIAR © AR geagsl
12
N —M e = S R st TR
1F~3F #% (Fd)
700
.- __
600 ¢ ---____ ook o-- -
500
400

300 B L — e
200

1F~3F {&% &

oL/ I B

100 Hm25m
0
NS N6 N7
- %- 1F 621.5 551.0 564.9
2F 273.1 340.2 357.5
—A—3F 274.7 217.2 286.2 M= B

BRI © Atresa s

35



SR RE BB AR T LB R R R R D R AU R FR

& 13
ONER R — 1 S VU A [ R B - A R R

VF~4F 155 fi 154 7]

B 700
At 600
500 g----r---- ¢l ___
= 400 e ] X .
EFN it
2% 300
i 1F~4F  jii%
& 200 e
— E & &
g 100
oy 25cm
Bm 0 N4-1 N4-2 N4-3
- - 1F 498.5 525.5 483.2

2F 470.0 410.9 398.2
—ah— 3F 387.5 384.0 451.3
—X— A4F 440.1 385.7 394.7 SHI L

N lRE=r A

BRI © AHftreaa s
(=) M8k
14 JBARAE =~ =GR R R RS TR RREE - DI=IRAYEE
BCEE o AR~ =AEAYERIHRRAE /KSR - Bt EE M 12~25em 2
[E  HERIAITTSE R EAR AR AT « HHAh - DO E SNt RS AECE RS - AR DR
AELRIE - [B 15 BAREHE " - EENE AR RS IR R - B{EXR

%4 7E 300 kg/em® T o PUREER R 2 PR R I At bl - i)k BORDELBE 158
& 14
ONEREE AT = A R R RO RUAE 1 A SRR M (E

2F ~ 3F & R R
700 fHEE:

}% 600 2F ~ 3FE
1 500 RO AR
Ha 200 KB
=y T4 3t b =
58 300 PURNREY N & o B y=
B ~ _ ” /|

E 500 ’,, v . K 12~25cm

& % > ’

S 100 * \,\\‘/ AF = Gt
; 0 P1 P2 P3 P4 P5 P6 P7 P8 i&%@ﬁi’)ﬁ

B

- - 2F 817 286.5 299.6 195.7 304.5 74.5 30.9 294.6 4 3 B
fut % = H
3F 456.6 437.2 341.1 283.2 458.3 359.6 433.7 250.9 ;‘ﬁﬁ%ih‘%

SHIEEE iy =
CORIACT ¢ g
36



SR BB R U R R R R L TR U R FR

& 15
ONPREE AN A N R e IR R (E

2F ~ 3FE NIRRT

., 700
%Z% 600 {EEE
OF ~ 3F%
~
;c:ﬁt\ >0 O N PR 3 R
% 400 S > - B E &
Jﬁg 300 ‘,’ ¢ 25cm
g 200 PO
g 100 1 5
-0 P9 P10 P11 P12 P13 Eiﬁjﬂuﬂ:
s BB A BB
- - 2F 2445 513.9 392.0 332.7 é‘%:}:?@}ﬁ
3F 397.2 352.8 433.7 373.2 265.4
M= BT
BRI © Aifgragtl
() #%F
16 B A REE — 1 2 VUM E L A 0 R A R ERRE(E - DL
5 FEBALS o
16

N — M R VUM R R AR R TR A - AR5

IF~4F kT (GEJRT &85 )
700

600

R 4 X
500 .-
400
300 s

200 1F~4F $k

100 FEEE

0 F510cm
R1 R2 R3 R4 R5 R6 R7 R8 R9

- 49— 1F 4643 5431

O/ R IS B B

2F 328.2 2813 167.1 350.6 148.0 237.7  261.7
—&— 3F 485.1 297.8 391.1 511.9 421.8 297.8 525.5
—X— 4F 525.5 //EIJ%{E

BRI © Atresa s

37



SR BB R U R R R R L TR U R FR

(L) BIJIiE
17 BARBE 2 = e BT iR st TR E R - /1 FE 300
% 500 kg/em® [ » DI—MAVSRERS o @ 18 B AREE S MR
TGRS HIABRRE(E - /1 4E 400 Z 500 kg/om? 2 [ > BHEAVRHTRYN > 3
o E HIFRIE
& 17
ANE e E s TN LA Y i

IF~3F89775& (75)

200 et
100 fHERAEE
0 25cm

SW1 Swi1 Swi
0 1 2

- - 1F 391.1 438.3 451.3/382.2 470.0 412.7 440.1 460.6 443.8
2F 385.7 375.1 385.7 403.6
—&— 3F 473.7 297.8 343.6 326.5 350.6 375.1 384.0 355.8 ﬁﬂ%ﬁ[

<WIo/3 oy IR - B
&
o

SW1 SW2 SW3 SW4 SW5 SW6 SW7 SW8 SW9

BRI © Atresa s
& 18
INERBE %2 =R B i A LR R R T (E

IF~3F BI75E ()

I
D
o
o
1
¢
/
/
.
\
\
\
\
\
7/
¢

200 st

100 5 7 i
JE25cm

SE1 SE2 | SE3 | SE4 SE5 SE6 SE7 SE8 | SE9 SE10 SE11 SE12

- - 1F 453.1 438.3 453.1 405.4 490.8 403.6

—ah— 3F 400.0 418.1

<WO/3 ot i
w
)
)

o

DAl A
BERIHOR ¢ Arreias

38



SR BB R U R R R R L TR U R FR

() ZEAFERERE

19 BARBE M2 =M= ARSI R T ERE(E - BERE
1£ 300 kg/em? | o

& 19

INBREE — 8 2 = i = N PR A T R R

1F~3F =N [mE S

700 N
BB st
St 600 111 5 RC &
+ 500 Th=25
1 .
2 400 N 112 ~ 113}
5300 AN /‘\\‘/"‘w A
| 2. Pd - N
gg 200 b 4 . *\‘ 213 ~ 32 &
o 1 BRE &%
EN 100
0 315 ~ 316 5
121122 23 24 125 126 131132 135 136 o
- #— 1F 434.6347.1239.2 309.5 250.4 303.2 255.2 236.1 297.8 240.8 206.4
s oF 2488
A 3F 347.1225.1 255.2 M E BT

BRI + AbTeiasd
() R
& 20 BARAE R EES R R A TR RE(E - BUERZME 300
kg/cm? FF -

I 20
N R R AR R R E

FiElg A ()
700

600

ik

500 RS

400 .- 40cmX10cm

300 T -e
200
100

oo/ R
[
]
I
1
[

1A1 1A2 1A3
-%- 1F 392.9 296.2 268.2

pEli=e A

BRI © Atreag
39



SR BB R U R R R R L TR U R FR

—_— “ﬁ“—f%‘ﬁ
SRR AT AVRRISE R - R 2RI T -
(—) B EEE

BRI - ZERABCCERY T EUEE - J1 EIRISRENESE - LARAYEEA
SEE - BERAGE PSR EE L (BEHH RV ERIIFEEE F ARSI it
TonBfERRYHAREA - 2RERE -

(=) tMlEIpRA:

BRI - HUBRHIALE ~ Bl ReasyEEE - DU BRI BRI R (T
e B R -

(=) JREELAEHIME

FERER AR I - R At TN B 22 B0 ¢ 4K EEAHE - telll5R e &Ry i1
& E RN B A SHSERIRAA B - FIEUR S A B3R H S8 1 iE & kU > 26
AN E R HE -

INHREE YRR 93 £2 95 FIEHETEMRHRMN - AR TER
TR ATR A FIERE] 93 o TRAE - #8 Lalie TP M Eatlls - BEEDR ALK
A REET S Bl DU R - REY 95 FERATE RIS TR A
PRAFIHES TR A L8 CoalAa T M Eate - BEEDR At L /KOB M S TS Bl At
BRSR g o BB MERARHIGE SR, - SRasiBIan T -

(—) Rttt

FIAR TAZSE AR A PR B Ag e 58 AV e TRRASAE A Y - B AR
FEfers > 22 S Aoy LA - TEEIERAEE 4 ) HIZEIEIR TRER AR
N ERRMIEE R A =R U T M B s > 25 9 37 - DL ERY PR BRE
AR S Y RS R S - B At s s et AH B Rt B AG A 2 R Pk -

(=) JREELDUBEEE
RIS TRERC oA R A PR S SR M SE R DA — 1R R e T 88 sl Ae DUBR 5

40



SR RE BB AR T LB R R R R D R AU R FR

J& Fy 362kgf/em?” iz > T BARHIIUREE 5E 5 BE U BRTRE Ky 123kgf/em® » BLRIE
BT HUBRIRE AR - BRI MRS TAZR A TR A SRS S DL — 1Ry R e
TS HURR RS i e - A B 339kgf/em?® » EA =AU AR S A
&2 79kgf/cm? -
(=) JREHKEGEETER

FIA TRERTRART A PR A SIS S i = 22 5 0.6249kg/m’ 5 Z A TT M4
TARRHR A IR A SIS R i =iy E — 1Y 0.43kg/m’® « DL RAYEEET-& &0k
BT EE T/ N 0.30kg/m’ HIRLE » 25 5 iR Anslad - MHE I 24E R
24 Fe 37K -
=~ G R RERET

ANHBEATBERINRESY - BRSO RERHE (B 21)
LL# G B YR TR A 1SR S MA BT R S A R AL R - B SRS

(I8 22) - LA - SRAEFS AR R AE T #7% - siansheE (8 23)
21

;;;;;

§

£ Nt

BRI - (R TR

41



1B 22

BRI - (R

& 23
AR R AR S L R - SRSz -

BRI © (R 7.
(—) PrEEHEFA GRS
RS R 2B E SR T HRAE L R AR AT E R b
SEEE TR AR SRR el - SEh R el A YIRS R IR - SR AL
FERTR ST - BB BRI (ERE LR TR b AR e A AR R - IR R
FUKRBA > B ML - SRR - % - SFHINEE - R By

42



SR RE BB AR T LB R R R R D R AU R FR

e -

AT S EEEHE T IIRH 2 —  BIEESE - AEhD - F
TR > JRAE ATV IR IR BB E R G e N EY) - S22
5 e YR/ K R & H B =S L i e a A AR - BE B TTIRUK 57 -
DRI A et - TP R A e B A D - J G (RS T AW a2
H SRS > RIS SRR - M GECOR A E IS FR S - B
BRSSP ESRLTE

HHATHL Y 2 e e ke TR RIB T - B 2 A R fa #17% sl s ey MR HY T TP B
21 £[8 23) > B AN BN ZEEE o EOMEEIRNAREER > RN EEE
B G  RREEET 1S > ERGHTHe: - iR - b AR
GEMVEL - (RIS A RAKER -

(=) shmhsfah R NGRS

AR A 2 R S A B B o MR B RS - AR T EUR AL T
S A T S T A — e RV R - SR A OReE PEF I ARG  H2E 5l
Fhbaaa s el ARG ER A T R EARE - ENERETHIACR » SRl oy Ry B ]
DDA B AEE PSRN S E M A RIS 18 - (e R R S T AR A LRV E i
bR 1 A E IO ACESE LA - S5—RIZ & S ARk - flrank

Wb R BT HK o PRSI PS> BR8P A ST R bR Ao T S
BRI - 48 LB th ST A AR o] DU B EE K - BEERYIR S 5 IR
KA AR 5372 A JRLAE L T S R A R el I s BE i & -

BEAh - A2 AL TTE > ARBEAEA R T SE3R RS L TP LR

i CHAER S HY =R VU TP AR R i s o VUARGES ~ DRSS
KR AR AR Ay B RE R sy > HEH B A SRR R R S B T [ B
VAL B - DL BRI EAR R AT i i i Y PR R JR T » Eri ps hsdied: -
MHE R G RR I 2 K -
= &em

43



SR RE BB AR T LB R R R R D R AU R FR

INHRBER BB O BG AR5 [ DA — 18 e e RE DR B /KA M S T
aEtERs  EER A AP LR - AHEAY VIR RS -3 LalRa
DUBRSEIERYE - JRAE LAY P AR SRS - A4 e RAVEERE > M EDRE ALK
AVEEEE T2 EAEEHK - SEAYHENDE VUAS  BHRRFE A H e 5 E bR BEARAS
JeEsE E RS AL K T2 RS LR - BRSNS T2

DUIER MR A et o e sl S il T = > A HRAE — B VU e se R0
JEARSI S » DA— 18 R “ABHYSREELE: - ) = R VAR5 S (R (R - 45 RANRHR
PEAYIE SE 38 s R A IS AR & - JERER AR I (BB E A & S ARG IS
(EREIL2E SNTTREN; Al S Z IR IR St e i)l

SEU
TfER (1985) - AP HFFLERT - MOLARS R TEBSESAT -

SHE (1962) - Ry « AR S TREBIRE - BRWHAT] > (5) 24 -

TR (2017) - I LBAERIBEEAR « — i8R RS [HRVEE Eay - Bl
g

BRI (2011) © 3% TG00 | #E - KHT# (ZEE LARKEIAE ) > (744)

(HEES) -

£ (2008) - ARBEERFERAMBER P CRIEMRZIELER SO - B
TLREARER

BEEDE ~ 25887 (2018) - BREGREHESE TR ARER THRBSEBRRE |
BEREFHEE - UL SUEEE R/ Z RGBT UL -

BEHEY (2025a) - AN E LAEREIEFEERRIHS4 - B3 (58
sttt ) > (354) 0 28-29 ¢

BEEROL ~ BAZEM (2025b) - BAEHEERNEKIIEE | REBBLINTEEEHY
BN R BB E S e PR SRR BT - BT SRR

Dahinden, J. (2014). Architecture-Form and Emotion. Karl Krdmer Publisher.

44



SR BB R U R R R R L TR U R FR

Non-Destructive Testing of Gongdong Chapel and Investigation on

the Causes of Concrete Material Deterioration Before Restoration

Chao-Kuang Ku*
Abstract

Gongdong ( St. Joseph Technical Senior High School ) Chapel was constructed
in 1960 with low-cost and makeshift methods. The structure adopted a reinforced
concrete slab-wall system, but the use of sea sand resulted in a high chloride ion content
in the concrete. Destructive material testing conducted decades ago revealed that most
concrete samples contained chloride ion levels exceeding national reference standards.
Elevated chloride content induced reinforcement corrosion; carbonation of the concrete
was widespread and severe, especially on the third and fourth floors, where carbonation
depth exceeded the thickness of the protective layer, leading to reinforcement corrosion.
In addition, poor quality control during construction caused significant variation in
compressive strength. These factors collectively led to damage prior to restoration,
including spalling of the protective layer, cracking of column heads, and exposed
reinforcement.

Earlier testing relied on concrete core drilling and sampling, which provided data
on compressive strength, carbonation depth, and chloride ion content, but left scars on
the fair-faced concrete surface, affecting aesthetics. To avoid surface damage, the
investigation employed non-destructive rebound hammer testing to comprehensively
evaluate the strength of different structural components. The results were consistent

with earlier destructive tests, showing that the lower floors had higher concrete strength,
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while the upper floors generally exhibited insufficient strength and more severe
deterioration. The advantages of non-destructive testing include ease of operation and
the ability to assess the entire structure without causing damage. Comprehensive
analysis indicates that the primary causes of deterioration in Gongdong Chapel’s
concrete were the use of sea sand and carbonation. Non-destructive testing provides a
more complete and preservation-friendly basis, offering important reference value for

subsequent restoration and conservation of historic architecture.

Keywords: Gongdong Chapel, Non-destructive testing, Concrete compressive

strength, Chloride ion content, Concrete carbonation
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