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ABSTRACT

This paper gives 2 bricfing of the failure of the Gouhou dam which heppened on August 27, 1993 in
Gongha County, Qinghai Province, Chima. Main aspects of design and construction are outlined,
followed by u description ol the failure process. {nvestigations both on the fill material and eancrets
structuras were given afier failure. Comments are given regarding the canses of the failure.

LINTRODUCTION

On August 27, 1993, a catastrophic dam faituce happened  at the Guohou Reservoir, Tocated near the
town of Qiapagia, cepital of the Gongho County, Qinghai Province. Breaching of this concrete face
sand and grave! dam (CFGD) created an estimated 1.500 mi'/s peak discharge of water, sweeping away
half of the embankment material and bringing about great losses in human lives and properies.

{. Crest wall; 2. Normal water level; 3. Face stab; 4, Dead water level; 5. Random fill; 6. Clay.
7.Dry packed rock; 8. Alluvium; ¥.Bed rock; 14.Dam axis

Fig. 1 Cross section of the dam
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2. MAIN FEATURES OF THE DAM

2.1 Genéral

The dam wes 71 meler high measured from the alluvium river bed or 84 meter, from the bed rock
where the plinths were placed, Normal and maximum water levels are both at the elevation 3278m,
which is 3 meter fower than the crest of the dam. It was 265m long and 7 m wide 2t the crest. The
upstream and downsiream slopes were 1.6 on | and 1.5 on | respectively, Total water storage ar
normal water level was 3.3 millien m* (Fig.1).

Average runolf of the Qlapogia River ic 0.4m’/s. The only discharge facility of the project was 2 390
meter long tunnel localed at the left abutment {Chu., et al, 19952).

22 Foundation of the Dam

The Guuhoy dam wzs founded on a 13 meter thick fand and gravel alluvium, underlain by highly
[ractured granite bedrock. The river alluyvium, having a unit weight of 2.40 KN/m’, coefficient of
permeability of 20.9-94.5 m/d and coefficient of uniformity of 391, -was believed 1o be dense,
pcrmenhle and well graded, Consequentty, It was decided that ihe alluvium would not be removed
except where the plinth wes 1o be placed. Excavation of the alluvinm was underaken there unti! the
lightly weathered granite was exposed for placing the plimh. Grouting under the plinth was required
until the value of &, waler intake per water head per unit length, wenr below 0.03 1/5-mem.

2.3 The Fill Material and Zoning

The ermbankment sand and pravel material was taken from two borrow pits 3 Kilomerres dow nsrream
ol the dam site. The gravels are hard, un-weathered, {airly granular snd made of granite and sandstone,
The report of the field geotechnical wsts indicated that the content of fines (particle size less than
Smm) was 33%, that of silt {particle size less 0.1mm) was 4% and the coefficient of uniformity was
78 in average. It also gave an evaluation of cacfficicnt of permicebility being 148w 0" em/s.

The dam was divided into fours zones as shown in Fig. 1. Main features of the four pans are indicated
in Table | (rom which one may find that no serious restrictions te the gradings of différence zones
were piven. Since large pebbles were rare, the damn was cssentially a uniform sand and grave! onz
(Hong, 1950,

2.4 The Concrate Face Shabs

Concreie stabs were placed with vertical joints spaced at ldm in the middle pan and 7m near
abutments of the dam. A hosizontal joint was provided 21 the elevation 3255m for early water storage
during eonstrection. The thickness of the slab is 30em at the top and 60um at the bottom of the dam.
Reinforcemens was provided for the face slabs. For the venical joints in the middle part of the dsm,
where compressive strésses were believed to prevail, the joints were connected with copper Wetype
water stop and filled wilth mastic. For those near the shutments, where tensile stresses dominated, an
additional rubber waler stop was provided.

2.5 The Crest Wall

Fellowing the common practice of CFRDs, an L-type crest wall was provided to save the volume of
rockfilt and Facilitate concrele placement of slabs by the slip form.

&
The horizontal slabs of 1he crest wall were 15 cm thick reinforced by single tayer of sree! bars and

r
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Table 1 Specifications for the fille of the various zores

— —e
Zone Laoyer Mnxism Relfative Dry
Number Fills 'Thickness Sizc Dengsity Density
cm Amm KNAm®
n Transltion 20 20 04 130
12 Transition it to0 0% 230
H Old Bormow [0 440 n7s 21306
Pi
i New Borrow 8o 600 0.7 2.26
Fit
New Borrow
Pit and 130 R 0.7¢ 126
v Tunne! Kock
Frogments

were connccted with the face sfah by rubber water stop, The elevation of the horizontal glab was
31277.35m. To secemmodate possibie scttlement of the dam, transverse joints are provided a1 ém

specing.

3, PERFORMANCE OF THE DAM

3.1 Behaviour of the dum befors 1993

The Gouhou dam started water impoundment or September 28, 1985. On Ociober of the same year,
commesponding to 2 reservoir water level of 3258m, 2 concentrated flow appeared at the downstream
slope somewhere 1.5m higher than the toe(cle. 3223m). Local remedial work included replacement of
the scoured fill material, afier which the flow seemed to disappear.

Oetober, 1990 saw the firse high reservoir water level of 3274m. The concentrated water flow re-
appeared at the same location secn in [989. The inflow mensured at the weir near the 1o¢ of the dam
was 18 I/m’. No concentrated seepage was visualized during 1991-1992, a period whaose reservair
waer level was relatively low, not exceeding 3262m {Yu. [993)

As a small projees, limited instrumentation was avaiiable. It wis mensured that the sersternent at the
dam crest was Fem. The water levels of the four open stand type piezometers of the abutment indicared
that ground water fevel of the bed rock was lower than 3325m. which is reasonably low.  An
earthquake ol the magnitude 6.9 on the Richter scale hit the area on April 26, 1990 with is epicentre
40 km from the dam. The dam was found o be inact.

3.2 Failure Process.
Starting from July 4, the water level of the reservoir kept rising from 3261m, On August 26 the
reservoir jevel reached 3277m which meant that it had been close to or sometimes higher than the

horizontal slab of the crest wall for about 24 hours before the dam failure. 1t must be emphasized that
this statement, which is significant in explaining the causes of the dam failure as will be szen lgier,
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b, Details
1. Rubber water stop; 2, Top of the intact concrete; 3. Timber soaked by cil; 4 Timber Fifl;
5. Transition,

Fig. 2 The crest wall
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was baged on the memory of the administrative staff since the written records of water levels were
destroyed by the flond during the dam failure. MHowever, field survey of the waier prinis on the
remaining parts of thc wall gave a8 universally admirted water level at failure which was around
32773m.

Al about B:30 pm of August 27, Ms Sun Guilian, a villager, climbed on the dam slope with her sister
She found water gushing out at the sccond berm (elevation 3260m) like "tap water’. Since it staried
raining, they went back, '

Hamg Guo, the maintenunce worker of the reservoir was probsbly the first one wha witnessed the
failure, He narrared:

‘I heard a thunder-like noise. | went out of my office immadiately and saw water splash and stonas
rofling on Lhe dam stepe. | also saw some (e Nush probably created by the bumping stones. Then |
managed a2 motoreyele, rushed 1o the town and reporied 1o the leaders”

People were urged 1o leave their home immediately. [owever It was 1oc late (o evacuare all the
residents when the flood reached the town of Qiapogia, which iz 13km downstream of the dam, w
about | 1:50 pm, a time which was confirmed by most survivors. The exact time when Mr, Hang
diseovered the incident was not clear. Tracing his activities, it was estimated 1o be around v:18 zm.
The breaching of the dam developed very rapidiy.

3.3 Destructions of the Dam

The hreaching of the dam created 1 triangle weir on the concrete face slab, which is 137 meter wide
at the dam crest. The elevation of the lower point was 3250m, Part of the slot went along the
horizonial joint of the face slab, The flood cut through the dam bedy and created a 81m wide chuie
with alimost vertlcal side walls. Totel amounm of water released was estimated 1o be 2.61 million m’.
fhe remaining parl of the dam body lower than 3250m kept ritaining water which overtopped the trest

and created a water fabl as shown in Fig 3.

4, INVESTIGATIONS

4,1 Geotechnivel bnvestizations
111 Visual Inspecrions

i has been found [hat the remaining purt of the dam hody was fully saturated from the 1op to the
bottom of the dam. Apart from the all wer vide walls that dipped for at leest 1o days, evidence also
includes:

- A number of concentrated flow which sppeared on the side walls, creating more than ten
gollizs on both sides. The warer flow lasted for at lenst two days (Fig. 4)

- Two cancenirated flows identificd on the downstream siope nssonry of the remaining righl
bart of the dom ar elevarion 2765m, ’

= Three sypical piping holes seen on the left vertical wull, 8L the elevaiion 3226m.

The stubility of the surviving left and right parts of the dam seemed (o have bezn affected, Some
fongiedinat cracks and slightly bulging were seen on the sight embankment. Cracks of the crest walls
developed on boih ports.

4.1.2 Grading of the Gravel Mazcrial
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Ihe lack of adequate drainage of the dam has aroused common concen about the grading of the fill ’
materisl. All available ficld gradation test resulkts have been collected, They include the 55 gradinps
obtained from the borrow pit and the dam body, The tests were carricd out by the contractor for
quality inspection purpose. The smallest, average and preatest contents of fines {particles iess than
smm) are 23.5%, 41.7%, 66.8%; and those of silt (particles less than 0.lmm} arc 0.3%, 4.3%, 8.1%
respectively. Fig. 6 gives three curves that represent the finest, coarsest and average gradations of the

samptles.

Very limited permeability - tests were carried out during dam construction. Two shallow well
permeameter 1ests were carried out in the surviving dam bodics by the case inspectors after failure,
which gave the coofficients of permeability of 1.0x10% em/s and 1.83x10° cmfs respectively.

4.2 \nvestigations of the Concretc Structures
4£72.1 The Face Siaba and Joints

There are eleven concrete debris one the river channel, which enabled ux o check the quality of the
joints and water stops. It has been found that some of lhe contacts belween copper water Stops and the
concrete slab bave not been fully fitled. A two meter Jong clean un-scraiched rubber stop found in onc
of the debris indicated thal this rubber stop, having no contact with the surrounding conerete, had not
euffered frons shearing during dam faflure, Some concrete exhibits “honey hates', indicating paor
guelity during constrastion. -

42.2 The Crest Wall

It was surprising to find that all the remaining horizontal slabs of the erest wall werc highly fractured.
The investigators were told that not Teng after the placement of the concrete, eracks devcloped on the
slabs, They were then cotrected by pasting cement mortar which again cracked. As a result of the
concicte crumbling on top of the horizontal slabs, the cxisting intact slabs were invariably lower than
the rubber water stop (Fig.2 ). There is no doubt that water would come into the dam through the
unsealed gaps benween the face slab and crest wall as saon zs it exceeds the horizonal slab The
investigators did find 2 number of holes and digged out some weed powder, indicating the path of
seaping water (Fig. 5). As discussed abovs, the water leva] had bean close or higher than the horizontal
slab for about 24 hours before the failure.

N

5, DISCUSSIONS AND CONCLUDING REMARKS

It is clear that the failure of the Gouhou dam was caused by the unexpected high phreatic lins of the
dam. Water came into the dam through damaged concrete slabs and their joints especially when il
exceeds the slab of the crest wall, The fill material scemed (0 be not permeabic enough [0 allow free
draining. Detailed study on the deficienciea both an design and construction phases are much
demanded. “he author hopes the following points might be of help in clarifying some issues.

(1) All witnesses confirmed that failure started from the upper pant of the dam. The remaining dam
body still wosks satisfaciorily in retaining waker with an everflow through its erest (Fig.1). No sespage
through foundation has been visualised. It i therefore confirmed that the foundation of the dam works
perfecdly and does rot contribute o the failure

(2) The Qiapogiz River is o small creek with & natural runoff not more than 0.8 m'/s at the time of
failure and it was found that the rescrvoir water fevel kept rising instead of lowering hefore failure.
Thi¢ means the maximum secpage into the dam body would not exceed 0.3 m’fs, an arder of
magnitude several CFRDs have alse experienced without failure, Compared with the gradings of the
then existing three CFGDs in the warld (Fell, R. et al., 1992, Fig.7), the Govhou £ill material weas
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relatively fine. However, unlike the rhree dams, spectal free urainage 20ne was sbsent. The designers

nave given similar discussions (Chu, 1992}

(3) The permeability of the fili materin! is a problem of common concern. The design of the dam was
bused on the test data taken from the berrow pit, which gave 2 value of 1.48=]07 erm/s. The uvailable
56 gradings of the fill material exhibit big variance a< can be seen in Fig. 6. The average of the 35
samples taken from the dum was finer than that of the 8 samples taken from the borraw pit during
design stage. Some risk analysis might be desirable in mssessing the reliability of the field test data if
the number of lests is pot Jarge enough and the locations of the samples are not reasonably

Tapresentalive,

(4) This dam het an important fexiure shat the normal water leve] is ubove the horizontal slab of the
crest well. The reason of the cracking of the crest wall slab is still & question of much needed siudy.
However, correcting the cracking by cement mortar is by a1l means wrong, As an imporant par of
the dum structure, the srest wall is subjected to very complicated working conditiens including setthng
of the foundation, rolating duc to carth pressure, ete. Details of the erest wall must be carefully studizd
to assure safe performance of the wull,

The Failire of the dom is unfortunate, bul the fessons fearned from this case xre enlightening: a feaking
. embankment with inadequale drainuge can he dangerous.
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